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(54) Polymer electrolyte fuel cell, method of manufacturing the same and inspection method 
therefor 



(57) The durability of ti pulyrner eleclrolyle fuel cell 
is vnry signilicanlly improved by using h lighlaning pres- 
sure of about 2 to 4 kgf/cm? of area of electrode; or a 
tightening pressure of about 4 to 8 kgf/cm 2 gf contact 
area belween electrode arid separator plale; or by se- 
lecting a value not oxceodlng sbout 1 .5 m3/om 2 for the 
short-circuit conductivity attributed to the DC resistance 
component in each unit cell; or by selecting a value not 
exceeding aboul 3 mA/crri 2 lot the hydrogen leak cur- 
rent per area of electrode of each MEA. Further, In a 
method of manufacturing or an inspection method for a 
polymer electrolyte fuel cell sUck, fuel cells having high 
durability can ba efficisntly manufactured by removing 
such MEAs or unit cells using such ME As or such cell 
stacks having short-circuit conductivity values and/or 
hydrogen leak current values exceeding predetermined 
values, respectively. 
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Description 

BACKGROUND OF THE INVENTION 

s [0001] The present invention relates to tt polymer electrolyte fuel cell to be used tor a portable power source, an 
electric vehicle, a cogeneratlon system, or the like, and also relates to a method of manufacturing the same and in- 
spection method therefor. 

[0002] In h hydrogen ion conductive polymer electrolyte luel cell, a lucl gas containing hydrogen clcctrochcmically 
reacts with an oxidant gas containing oxygen, thereby generating electric power and thermal energy simultaneously. 

10 To construct such fuel cell, ti catalyst layer having, us a main ingredient, a carbon pDwdBr carrying « plalinum group 
meiHl calnlysi and having a catalyst function is formed on both major surfaces of a hydrogen Ion conductive polymer 
membrane, which selectively transports hydrogen lone Next, a porous supporting body which is made, e.g., of a carbon 
cloth, a carbon non-woven fabric, or a carbon paper, and which has both luel gas permeability and electronic conduc- 
tivity is provided as a gas dilfusion layer on the outside surface of each catalyst layer, The combination of the gas 

" diffusion layer and the catalyst layer constitutes an electrode. The electrode for the fuel gas is called the fuel electrode 
or anode, while the electrode for the oxidant gas is called the oxidant electrode or cathode. 

[0003] Next, in order to prevent the supplied luel ga3 (rom leaking Dulaide and Irom mixing with the oxidant gas, gas 
sealing members or gaskeis, which sandwich the polymer electrolyte membrane therebetween, are placed around the 
electrodes. Tho sealing members or gaskets are preliminarily assembled integrally with the electrodes and the polymer 
£0 electrolyte membrane. The combination of Hie electrodes and Ihe polymer electrolyte membrane sandwiched between 
Ihe Bleclrodes is called ihe electrolyte membrane-electrode assembly (MEA). 

[0004] A hot pressing process at about 100 to 1E0"C Is usually u&ed for bonding the catalyst layer and the gas 
diffusion layer, thereby Increasing the handlcablllty in MEA assembling and also increasing the intimate contact between 
the catalyst layer and the gas- diffusion layer The inlirriale contact increases the gas reactivity and decreases the 
contact resistance between the layers, Outside the MEA, electrically conductive separator plates are placed for me- 
chanically fixing the MEA and for electrically connecting neighboring ME As in series. Each separator plate is provided, 
on each surface thereof for eontaet with the MEA, with a gas flow clmniiel fur supplying a remove ohr in Ihe electrode 
and for oarrying away generated gas and excess gas to outside. I he gas Mow channels can be provided separately 
from the separator plates, but generally the separator plates are provided on the surfaces thereof with gas communis 
so cation grooves as the gas flow channels. 

[0005] A pair of neighboring electrically conductive separator plates having an MEA sandwiched therebetween con 
stilutcs a unit cell, A luol coll comprises a cell stack having stacked unit colls. 

[0006] In order to supply a fuel gas to the gas flow channel, it is necessary to furcate a pipe fur supplying the rue! 
gas to pipe branches Corresponding to the number of the assembled separator plates, and to prepare a piping Jig for 

35 directly connecting the pipe branches to the ga* flow channels of the respective separator plates. This jig is called a 
manifold. The type of manifold as described above, In which the supply pipe is directly connected to the gas flow 
Channels, is culled an outer manifold. Another type of manifold, which has a simpler structure, is called an inner manifold. 
The inner manifold is ol such a lypB thai separator plates having gas flow channels are provided wllh apertures or 
through-holes and the Inlets and outlets of the gas flow channels arc connected to the apertures, through which the 

40 fuel gases arc supplied or exhausted, 

[0007] A fuel cell generates heat duririfl its operation. Therefore, in order lo maintain the fuel cell at an appropriate 
temperature condition, it is necessary to cool the fuel call, e.g., by cooling water. In a eolletack of a fuel cell, a cooling 
unit Is provided to bo Inserted between neighboring separator plates for every 1 to a unit cells. An often employed 
manner is to bond two separator plates, h*i:Ii driving » cnnlinrj wntur (low channel on one surlace thereof, such that 

''5 the surfaces thereol each have the cooling water flow channel facing each Other, thereby forming a cooling unit. 

[0008] Such MEAs, separator plates and cooling units are alternately stacked to a stack of about 10 to 200 cells, 
thoroby forming a cell stack. The cell stack is sandwiched by a pair of current collecting platea, inaulHlIng plates and 
end plates In tbla order, and la then fixed by tightening bolls provided at Ihe end plates Id lighten the cell stack. This 
Is e general structure of a stack type polymer electrolyte fuel cell. 

bo [0003] In a conventional fuel cell, a cell slack thereof is usually tightened by a lightening pressure of about 1 0 lo 20 
kyfA-m 2 fur the purpose of dec I easing the contact resistances among the polymer electrolyte membrane, the electrodes 
and the separator plates, and for ensuring tho properties of gas sealing with the gas sealing members or gaskets. Far 
this reason, the end plates are generally composed of mechanically strong metal plates, and the tightening belts are 
combined with springs, with or without washers, for applying a sufficient tightening pressure to tho coll stacK. Further, 
stainless steel, which has high resistance to corrosion, is usually used us a material for the end plulea, because the 
end plates partially contact humidified gases and cooling water. Further, with respBd lo the current collecting plates, 
metal plates having greater electrical conductivity than carbon plates are usually used, and In some eases arc subjocted 
to surface treatment for decreasing the contact resistance. Further, since the end plates electrically contact each other 
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through tightening bolts, an insulating plate is insetted between the cuirent collecting plate and the end plate at each 
and of the call stack 

[0010] On the other hand, the electrically conductive sepa'ator plates to be used for such polymer electrolyte fuel 
cells need to have a high electrical conductivity, high gas tightness against fuel gases, and high resistance to corrosion, 

s i.e., high resistance to acid during oxidizing ami reducing roticlioris between hydrogen and oxygen, For these lettsons, 
the separator plates are usually made of gas impermeable and dense carbon plates, which are provided with gas flow 
channels by cutting. Alternatively, ihe separator plates ore often made by hot pressing a mixture of a thermosetting 
resin and h graphite powder placed in a press mold having a convex pattern corresponding to the gas lollow channels. 
[0011} In place of using such carbon materials, it has also boon attempted to use metal plates, such as stainless 

"J steel, fur tire sepuratui plates. Sepulatoi plates Using melal plates are likely to become corroded ur dissolved during 
long-term use, because the separator plaies are exposed to an acid almosphera si a relatively high temperature. The 
corroded portion ot the metal plate Increases the electrical resistance, resulting In a decrease ot the fuel cell output. 
Furthermore, when the metal plate becomes dissolved, the dissolved metal ions diffuse into the polymer electrolyte 
membrane, and are exchanged with ion exchange sites in the polymer electrolyte membrane, so that consequently 

is the Ionic conductivity of the polymer electrolyte membrane Itself decreases. For avoiding such deterioration, each metal 
plate is usually subjected to a noble metal plating, thereby forming a noble metal layer having a sufficient thickness on 
the surface thereof. 

BRIEF SUMMARY OF THE INVENTION 

so 

[QU12] The problems addressed by the present invenlion will first be described. As described above, Ihe catalyst 
layer in ijRimlly bonded to the gas diffusion laysr hy hot pressing at about 1 00 to 1fiO"C for Inoreaslng the handleablllty 
In assembling MEAs and the Intimate contact therebetween to realize greater reaction and lower contact resistance. 
The present inventors have found that when such hot pressing is conducted at a greater temperature, eg, about 
130°C, and a high pressure, e.g., of 20 kgf/ciTr or abovo, than micro or minor short-circuits between the electrode© 
are generated In the case of some materials or of surface roughness of the gas diffusion layers used, or In the ease 
of some strengths or thickness of the polymer electrolyte membrane used. The slighter such micro shoit circuits ore, 
the more difficult it is to find tho micro short-circuits during ordinary power generation use of the dial cell. 
[0013] Unless such short-circuits arc major thoy hardly nffect the initial performance of power generation of the fuel 

oo cell, so that It Is difficult to find them. If major short-circuits are already present lh art MEA at an initial stage, they 
decr ease the initial power generation performance of the fuel cell, because they lower the open circuit voltage, or they 
cauec cross leak phenomena, in which tho hydrogen gas and the oxidant gas mix with each other. Accordingly, it is 
relatively easy to find such major short circuits. 

[0014] A finding on which Ihe present invention is based is that Initial micro short-circuits, which are dillicull to find 
35 in ordinary use, affect stability or durability of power generation performance of tho fuel cell significantly. If micro short- 
circuits are oven slightly present or generated In tho Initial MEA, an excessively largo current flows through tho short- 
circuits. Such current generates heat, and tire heat causes the polymer electrolyte in the polymer electrolyte membrane 
and the electrodes lo bB thermally decomposed and deleriorHted. This causes the shorl-circuils lo become larger as 
time passes, and thus undesirably prnmntf?* the cross leakphenomena A f urtherf Indlng on which the present Invention 
is based is that such a vicious circle significantly affects the stability or durability of the fuel cell. 
[001 S] Conventionally, in assembling a cell stack by stacking plural unit cells, the cell stack is usually tightened wilh 
a tightening pressure of about 1 0 lo 20 kgl/cm 2 An additional finding on which the present invention is based is that 
such a tightening may generate micro short-circuits, which significantly affect the durability of the fuel cell. Ccrtalh 
technologies of applying a tightening pressure to a fuel cell or cell stack in general are desr:nlind, e y , iri .lapane.se 
4* Laid-open Patent Publications 2002-203578 and 2002-246044, but they do not teach the technical problems and so- 
lutions on which the present Invention Is based. 

[0016] FIG. 8 shows a schematic cross soctional view of a conceptual or ideal fuel cell. Referring to FIG. 6, a polymer 
electrolyte membrane 61 Is sandwiched at Its major surfaces by a pair of electrodes 64, each comprising a catalyst 
layer 63 and a gas diffusion layer 62, thereby forming an MEA 65. The MEA 65 Is sandwiched at Its major surfaces by 
a pair of electrically conductive separator plates 66, thereby forming a unit cell as shown. As apparent from PIG. 6, in 
the conceptual unit cell, all of the polymer electrolyte membrane 61 , catalyst layers ea and gas diffusion layers 62 have 
uniform thicknesses, There is no such assumption therein that micro short circuits may bo present or generated be- 
tween the two electrodes. Furthermore, gas flow channels 67 In the separator plates 66 maintain their Initial conceptual 
cross-sections, 

[0017] Another finding on which the present invention is based is that, in actual or practical manufactured unit cells, 
the uniformity of the respective membrane and layers in a unit cell is damaged by pressure application In hot pressing 
the catalyst laysr and the gas diffusion layer, or by tightening pressure to sandwich each MEA between electrically 
conductive separator plates. This will be described In tho following with reference to FIG. 7, which shows a schematic 
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cross-scctlonal view of a unit ceil with the uniformity of each membrane and layer being damaged, thereby causing a 
micro short-circuit to be present between the two electrodes of MEA in a unit cell. Referring to FIG. 7, gas diffusion 
layers 72,chLhIvkI layers 73 and a polymer elaclrclylG membrane 71 are vary signilicanlly distorted, with a micro shorl- 
clrcult78 being generated. At the same time, a portion 72a of gas diffusion layer 72 protrudes or hangs out Into a gas 

a flow channel 77 of an electrically conductive separator plate 76. The thus protruding gas diffusion layer blocks a parr 
of the gas flow channel, impeding « pari ol the gas How, fnereby delerioraling the fuel cell performance. 
[0018] It Is also a finding, on which the present Invention is based, that excessive pressure or heat in the hot pressing 
and excessive tightening pressure to the cell stack generate not only micro short-circuits and protrusion of the gas 
diffusion layer inlo the gas How channel, bul in mmfi cwjmsr physical delects in the polymer electrolyte membrane, 

io thereby causing cross leaks between hydrogen at the fuel electrode side and air or oxidant at the oxidant electrode 
side. It has been considered that physical defects such as hales In the polymer eleclrolyle membrane simply allow 
hydrogen and air to cross leak and mix with each other. According to the study of the present inventors, Dnce defects 

arc generated in the polymer electrolyte membrane, hydrogen and air cross-leaking through the defects mix with each 
other and burn, thereby not only deteriorating fuel cell performance, but also thermally decomposing the polymer elee- 
'5 Irolyle in the polymer electrolyte membrane and the eleclrodss wilh the heat generated by the burning. As limepass83, 
the thermal decomposition further undesirably promotes short-circuits, thereby Increasing the cross leaks of the two 
gases and badly affecting the durability of the fuel cell. 

[Q019] Furthermore, the present inventors have found that the cross leaks, which have conventionally been consid- 
ered to be generated only by physical defects in the polymer electrolyte membrane, are also generated by hydrogen 

M dissolved in the polymer electrolyte membrane, which hydrogen diffuses toward the oxidant electrode side and roaches 
the oxidant electrode due to the concentration gradient of the hydrogen. This phenomenon cannot be avoided in prin- 
ciple in the case ol a luel cell using a membrane ol, e.g., pcrfluorocarbon sullonic acid tor the polymer eleclrolyle 
membrane, Therefore, this phenomenon needs to be considered separately from the cross leaks attributed to the 
conventionally considered physical defects of the polymer electrolyte membrane. More specifically, an inspection moth 

m od i« needed such that the factor of i:roy;< leiiks caused by dissolution and diffusion ol hydrogen, which cannot in 
principle be avoided, is eliminated in inspecting the quality of the fuel cell. Conventionally, It has been very difficult to 
Inspect only the cross leaks attributed to physically generated defects In the polymer electrolyte membrane. 
[0020] It is an aspect of tho present Invention to provide a polymer electrolyte fuel call that is capable of high par- 
fnrfnHnnH, Innrj-lnrm power generation 

so [0021] It is another aspect of the present invention to provide a polymer electrolyte fuel cell, wherein micro short- 
circuits and/or hydrogen leak currents between the electrodes in the MEA, which have been found by the present 

inventors as linimj frti.tmn which impair staole and long-tarm power ganaralion, are suppressed, 

[G022] It Is still another aspect of the present Invention to provide a polymer electrolyte fuel cell, wherein each gas 
diffusion layer is prevented from protruding into the gas flow channel of its respectively adjacent electrically conductive 
35 separator plate in the unit cell, thereby maintaining good gas How in Ihe ga3 (low channel. 

[G023| II is yet another aspect of Ihe present invention to provide a method of manufacturing and a method for 
Inspection of a polymer electrolyte fuel cell, wherein an improved inspection mode for inspecting MEAc is introduced, 
thereby making it possible to efficiently manufacture fuel cells capable of high performance, stable, long-term power 
generation. 

ad [0024] A polymer electrolyte fuel cell according to one aspect of the present Invention comprises a cell stack structure 
having plural unit colls tightened In tho stacking direction, each of the unit cells comprising: an MEA comprising a 
hydrogen ion conductive polymer electrolyte membrane and a pair of electrodes respectively placed Dn opposite maior 
surfaces of the electrolyte membrane, eacli of the electrodes comprising a gas diffusion layer and a catalyst layer; an 
electrically Conductive separator plate contacting one of the electrodes and having a gas flow channel for supplying 

*'* Hnd exhausting h fuel gas to and from the Otie electrode; Hnd h further electrically conducive siepHratnr plHte confHoting 
the other electrode and having a gas flow channel for supplying and exhausting an oxidant gas to and from the other 
electrode, wheroln each of the electrodes Is provldod with a tightening pressure of about 2 to 4 kgf/cm 2 of the area of 
each of the electrodes. 

[0025] According lo another aspect of the present invention, in a similar polymer electrolyte fuel cell structure, the 
so tightening pressure Is such that each of the electrodes is provided with a tightening; pressure of about 4 to 8 kgf/cm 4 
of the area of each electrode which contacts its respective electrically conductive separator plate, namely of the contact 
area nefween Ihe electrode and the separator plate. 

[0025] It Is preferred that each of the gas flow channels of each of the electrically conductive separator plates have 
a groove width of abuut O.a mm to 1 mm, and a groove depth of about 0 3 to 1 mm. 
ss [0027] Further, It Is preferred that the area of each electrode which contacts its respective electrically conductive 
separator plate be equal to or greater than the area of the electrode wh ieh is out of contact with the electrically conductive 
separator plates. 

[0028] According to still another aspect of the present Invention, In a similar polymer electrolyte fuel cell structure, 
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the MEA has a short-circuit conductivity of not greater than about 1 ,5 mS/cm 2 . 

[0029] According to yet another aspect o( the present invention, in a similar polymer electrolyte fuel cell structjre, 

each unit cell comorising an MEA has a hydrogen leak current of not greater than about 3 mA/cm 2 . 

[0030] According to a further aspect of the present Invention, a method of manufacturing a polymer electrolyte fuel 

s call Hi.-cuiiJiny Id Hie prasynl invention comprises piuumisea of; forming pluml unit u-«l|»; slacking the plural unit ctsllsi 
to form a cell stack; and tightening the cell stack in the stacking direction; wherein the process ot forming each of the 
plural unit cells comprises the steps of: placing a pair of electrodes, one on each major surface of a hydrogen ion 
conductive polymer electrolyte membrane, each electrode comprising a qm diffiiaior layei and auntalyyt layer, thereby 
forming an MhA; placing an electrically conductive separator plate contacting one of the electrodes and having a gas 

« flow channel for supplying and exhausting a fuel gas to and from the one electrode, and placing a fuitiiei electrically 
conductive separator plalB contacting lha olhar electrode and having h gns flow channel tor supplying and exhausting 
an oxidant gas to and from the other electrode; wherein themethod further comprises an Inspection process comprising 
the steps of: measuring the short-circuit conductivity of oach of the MEAs and/or measuring the hydrogen leak current 
ot each of the unit calls; and removing such MEAs or unit calls or call stacks that hava shorl-circuil conductivities 

ts exceeding a predetermined short-circuit conductivity value or have hydrogen leak currents exceeding a predetermined 
hydrogen leak current value. 

[0031] It is preferred that the predetermined value of the short circuit conductivity be about 1 ,5 mS/cm ? and that the 
predetermined vhIub ol lha hydrogen leak current he Hboul 3 mA/cm £ . 

[0032] It Is further preferred that the short-circuit conductivity of oach of the MEAs bo measured by: applying thereto 
*o a constant DC voltage to obtain a steady state current, or applying a constant DC current to obtain a steady-state 
voltage; Hnd converting the steady-slate current or the sLeady-slale vollagB, by calculation, lo obtain the shorl-circuil 
conductivity 

[0033] It Is still further preferred that the constant DC voltage not be greater than about 0 5 V for each of the MEAs. 
[0034] It is also oreferred that the constant DC current not be greater than about 5 mA/enV- of area of electrode of 
2 5 each of the M EAs 

[0035] It le further preferredthatthestep of measuring the short-circuit conductivity of each of the MEAs be conducted 

by placing the pair of electrodes In a same atmosphere of air or inert aas. 

[0036] It is still further preferred that the step of measuring me hydrogen leak current of each unit null be conducted 
by: supplying an inert gas lo one cl the electrodes and a (ucl gas to Ihc other electrode; applying to each of the MEAs 
3" a constant DC voltage to obtain a steady-state current, or applying thereto a constant DC current to obtain a steady- 
state vofraga; and converting, by calculation, a difference value by subtracting a value corresponding to the Short- 
circuit conductivity fium a value oafculai.Hd from the steady-elate current or the sleady-elalo voltage to yield Iho hydro- 
gen leak current. 

[0037] It is also preferred that the inspection process comprise, before the process of forming the cell stack, the 

39 steps of: measuring thB short-circuit conductivity of each MEA and/or the hydrogen leak current of each unit cell; and 
removing such MEA6 or unit cells that have short-circuit conductivities exceeding the predetermined short-drcult con- 
ductivity value or have hydrogen leak currents exceeding the predetermined hydrogen leak eurteiH value. 

[003B] Alternatively, it is preferred that the inspection process comprise, alter Ihe process of forming the cbII slack, 
the stops nf: measuring the Khnrt-r.imuit conductivity of oach MFA and/or thrs hyrirogRn lf»nk eurrent of eanrt unit cell; 

40 and removing such MEAs or unit cells or cell stack{s) that have short-circuit conductivities exceeding tho predetermined 
short-circuit conductivity value or have hydrogen leak currents exceeding the predetermined hydrogen leak current 

[0039] According to another aspect of the present Invention, In a method similar to that described above, with or 
without the inspection process, the process of forming the plural unit cells further comprises, before the step of forming 
•is each MEA, a step of smoothing both surfaces of each gas dillusion layer. 

[0040] According to yet a further aspect of the present invention, an inspection method for a polymer electrolyte fuel 
coll according to the present Invention comprises, before operation of electric powor gonoration of the polymer elec- 
trolyte fuel cell, and before or ofter the process of forming the cell stack, the steps of; measuring the short-circuit 
conductivity ot each MEA and/or the hydrogen leak current ot each unit cell; and Inspecting to see whether the short- 
so circuit conductivity exceeds a predetermined short-circuit conductivity value, and/or whether the hydrogen leak current 
exceeds a predetermined hydrogen leak current value. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

55 [0041] The foregoing summary, as won as the following detailed description of the invention, will be better understood 
when read in conjunction with the appended drawings. For the purpose of illustrating the invention, ihere are shown 
in the drawings embodiments which are presently preferred. It should be understood, however, that the Invention is 
not limited to the precise arrangements and Instrumentalities shown. In the drawings: 
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Fig. 1A Is a schematic plan view of an electrically conductive separator plate used In Examples of the present 
invention described below, showing a front surface thereof. 

Fig. 16 ib a schematic plan view of the same separator plats □! HG. 1A, showing a rear surlacB IhBrBDl. 

Fig. 2A is a schematic plan view of another electrically conductive separator plate used In Examples of the present 

invention described below, showing a front surface thereof. 

Fig. 2B is a achemRtie plan view of the same separator plate of FIG. 2A, showing a rear surface thereof. 

rig. 3A Is a schematic plan view of still another electrically conductive separator plate used In Examples of the 

present Invention described below, showing a front surface thereof. 

Fig 3B is a schematic plan view of the same separator plate at FIG. 3A, showing a rear surface Ihereor. 

Hg 4 15 a schematic plan view of an MEA used in Examples Dr the present Invention described below, showing a 

front surface thereof. 

Fig. 5 is a schematic front view, partially in cross-section, of h two-cell slacked fuel cell used in Examples of the 
present Invention described below. 

Fig. 6 is a schematic cross-sectional view of a conceptual unit cell. 

Fig. 7 is a schematic cross-sectional view ol a piaclioal unil ceil d[ Ihe prior arl. 

Fig. B is a schematic cross-sectional view of a structure used In an Example of the present Invention described 
below, In which an MEA Is sandwiched by two current collecting plates. 

Fig. y is a graph showing the relation of the cell voltage to the tightening pressuie per area of electrode for a fuel 

call according to an Uxampla of Ihe present invention described below. 

Fig. 1 0 Is a graph showing the relation of the short-circuit conductivity and the hydrogen leak current to the tightening 
pressure per area of electrode for the same fuel coll as for FIG. 9. 

Fig. 11 ia a graph allowing the relation of the call voltage to the tightening pressure per canlacL area between 
BlaclrodB and separator plale lor a lual cell according Id anolher Example of the present invention described below, 
Fig 12 Is a graph showing the relation of the short-circuit conductivity and the hydrogen leak currentto the tightening 
pressure, per contact area between electrode and separator plate (or Ihe same fuel i:ell an for FIG, 11, 
Fig . 1 3 is a graph showing the relation ol the current density and the short-circuit conductivity to time for a fuel cell 
according to still another Example of the present invention described bolow. 

Fig. 1 4 Is a graph showing the relation of the current density and the short circuit conductivity to time for a structuro 
as shown in FIG. 8. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[OU42J A feature of a polymer electrolyte ti.el cell according to the present Invention Is that, with respect to the pressure 
tor tightening stacked unit cells or a cell stack, the tightening pressure per area of each electrode is about 2 to 4 kgf/ 

35 era-. When the tightening pressure pel area uf electrode ia less than about 2 kgl/crn 1 -', the contact resistances among 
lha polymer eleclrolylo membrane, Ihe electrodes and the electrically conductive separator plales become high, so 
that sufficient coll performance cannot bo obtained. On tho other hand, when the tightening pressure per area of clcc 
trodcis greater than about 4 kgf/cm 8 , micro short-circuits have been found to be generated in the case of (or depending 
on) seme kinds of materials, surface roughness of the gas diffusion layers, and some slrenglhs and thicknesses d! Ihe 

40 polymer electrolyte membrane. 

[0043] Particularly, generation of micro short-circuits Is significantly affected by kinds of surface roughness of tho 
gas diffusion layer. Woven fabrics such as carbon cloths, inter alia, are likely to have variations of thickness on the 
surface ol tho gas dirruslon layer due to superposition or carbon fibers, 60 that they are very significantly affected by 
tightening pressure. Thus, a smoothing treatment, namely a treatment of preliminarily reducing roughness and thick 

45 ness variations of the surface of the gas diffusion layer, has been found to be effective for reducing the Influence of 
the lightening pressure, As the surface smoothing ttentment, Ihe gas diffusion layer can be subjected, e.g., to prelim- 
inary pressing or preliminary flame treatment at the surface thereof . 

[0044| As the micro short-circuits become smaller, It becomes significantly more difficult to find such micro short 
c:in:uit« under normal iirh or power generating Unless Ihey are major short-circuits, they hardly aflccl initial power 
5D generation performance ot the fuel cell. I lowcvcr, If micro short-circuits are present, even slightly, In the Initial MEA, 
excessive electric current flows through such micro short-clreuHs, thereby generating heat The generated heat ther- 
mally decomposes the polymer electrolyte in the polymer electrolyte membrane and the b|rc.Utm1bk, whereby the elec- 
trolyte deteriorates. This causes the short-clruuils to become bigger as time passes. Consequently, cross leak Increas- 
es, thereby significantly deteriorating the durability of resultant fuel cells. This Is a finding on which the present Invention 

[0045] According to another aspect, a feature of a polymer electrolyte fuel cell according to tho present invention is 
that, with respect to the pressure for tightening stacked unit cells, the lightening pressure per contact area between 
each electrode and each BleclricHlly conductive SBparalor plate is about 4 to 8 kgf/cm 2 . More specifically, each elec- 



6 



From: 03 3588 8558 Page: 80/109 Date: 7/15/2008 1 : 21 : 28 AM 



EP 1 349 228 A2 

trically conductive separator plate has a gas communication groove or a gas flow channel, which does not contact the 
electrode, and also has a rib portion which contacts the electrode. The tightening pressure is actually applied or trans- 
ferred to the electrodes via the rib portions of the separator plates. 

[0046] Whan a rigid malarial, such as carbon paper, is used for the gaE diffusion layer, the tightening pressure Ik 
s transferred to substantially the entire area of the polymer electrolyte membrane via the contact area bolwocn the 
separator pirate and the electrode. 

[0047] However, when a relatively soft material, such as carbon cloth, is used for tho gas diffusion layer, the tightening 
pressure Is basically transferred locally to portions of the polymer electrolyte membrane corresponding to the contact 
portions between the separator plate and the electrode and via the contact portions between the separator plate and 

»o ilia aleulrude, and is not transferred evenly to the entire area ol the polymer electrolyte membrane Accordingly, actual 
pressure applied to portions of the polymer electrolyte membrane, which portions correspond to the contact portions 
between the separator plate and the electrode, la varied depending on the urea ratio between (1) the area corresponding 
tn the contact portions where the separator plate contacts the electrode, and (2) the area corresponding to me non- 
contact portions where the separator plate Is out of contact with the electrode. 

'5 [0048] Let US assume, tut example, that the urea of Hie eleutiode contacting the separator plate is 20%, Hint the 
«raa ol lha electrode oul ol conlacl with lha separator plale is B0%, and that a tightening pressure of 3 kgWcm^ of area 
of theeleotrode.namfily per total area of the electrode, Is applied. Under this assumption, the actual tightening pressure 
applied to portions of the electrode In contact with the separator plate Is 1 5 kgf/cm L '. Accordingly, it has been found 
that when a soft material is used for Ihe gas diflusion layer, the tightening pressure is preferably determined per contact 

?a area between the electrode and the separator plate, rather than per area of the electrode. 

[00491 A feature according to a further aspect of the present Invention Is that each M EA has a short-circuit conductivity 
of not greater than about 1 .5 mS/cm 1 '. This short-circuit conductivity can be more specifically expressed by ahoil-circuit 
eonduclivlly atlnbuled lo the DC resistance component between tha luel BlBClrodB and lha oxiaant Bleclroda of lha 
unit cell It has been found that even though micro shnrt-olrr.iiits are present In an MEA, or arc generated in the MEA 

is by hot pressing tho MEA or by tightening the cell stock, such micro slioit-oirc-uiry liwidly affect the resultant dumbllliy 
of the fuel cell, if the short-circuit conductivity of the MEA Is not greater than about 1.5 mS/cm ? . more preferably not 
greater than about 1 mS/cm ? . 

[0050] The 6hort-clrcult conductivity of the MEA is preferably measured by; applying thereto a constant DC voltage 
to obtain a steady -stato currant, or applying a constant DC current to obtain a steady-state voltage; And oonvfliTing Uih 

30 stBHdy-RtHlH current or tha alHudy-RtalB voltage, by calculation, lo the short-circuit conductivity. Here, the eteady-etate 
current and the steady state voltage are explained In the following. As will be described later with reference to FIG. 13 
arid FIG. 14, When a cohatant DC voltage ora constant DC current is applied across the electrodes of the MCA, tho 
currant or tha voltage balwaan Ihe iwo electrodes abruptly varies during an initial time period after the application Of 
such DC voltage or DC ctirrenl However, at some point, e.g., 1 to 3 minutes after the application of such DC voltage 

as or DC current, the current or the voltage becomes stable, and the variation thereof with time becomes almost nun- 
existent. Such current and Voltage, which have become stable and have Hlmosl no varialion wiih lime, are referred lo 
in the present specification as steady-state current and steady-state voltago, roepoctlvoly. 

[0051] These steady-state current and steady-state voltage arc attributable to a DC resistance component alone of 
the MEA or between the two electrodes of the unit cell. Dividing the applied DC voltage by the measured steady-stale 
40 current, or dividing the measured steady-state voltage by the applied DC current, the resistance of the MEA Is obtained. 
The Inverse or reciprocal value of such resistance per unit area of the electrode can thus bo calculated and Is the short- 
circuit conductivity of the MEA. 

[0052] Here, Lhe following points should be nolad. Immsdialely arier the applicallnn of Ihs DC voltage or the DC 
current, a very large current nr high voltage Is generated, which may cause the polymer electrolyte and the catalysts 
4$ In tho electrodes to decompose. In order to avoid such decomposition of materials by largo current or high votings, it 
ia preferred Hint the constant DC voltage applied not be grester than about U.b V, more preferably about 0.2 V, per 
MEA or unit cell, and that the constant DC current appligd not be greater than about 5 mA/cm 2 , more preferably about 
2 mA/cm £ , of area of each electrode. 

[0053] Furthermore, in order to nrMAAiira rlifl fthurT-oiroiiit oondmstivity attributed to DC reactance alone, the MEA 
«o should be prevented, as much as possible, from generating an electrochemical reaction. For avoiding electrochemical 
reaction In the measurement, there should be no difference In partial pressure of hydrogen gas and oxygeh ga3 between 
the two electrodes of the MEA, For this reason, it is preferred that both elecirodes of the MEA be placed in the sume 
atmosphere. Ae> sUoh atmosphere, inert gas such as nitrogen is preferable. For handy measurement, however, such 
atmosphere can be air, For example, DC voltage or DC current can be applied to the MEA, which Is exposed to air 
SB and sandwiched by separator plates capable of collecting current. To avoid the electrochemical reaction, It Is also 
preferred that neither the MEA nor the gas supplied to the MEA contain water, because when a polymer electrolyte 
does not contain water, the ionic conductivity of the electrolyte is low, so that electrochemical reaction barely occurs. 
[0O54] According to a further aspect of Ihe present invention, m lealurB of lha polymer elBclrolyle fust call |r lhal each 
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unit cell comprising an MEA has a hydrogen leak current of not greater than about 3 niA/ori 2 , preferably not greater 
than about 2 mA/crrr. It hti3 been found thai when 3uch hydrogen leak current is not greater than about 3 mA/cm 3 , 
lha durability or siabla |ong-:erm operation ol the resultant fuel cell is hardly affected by the hydrogen leak current. 
Further, the hydrogen leak current value caused by dissolution of hydrogen gas alone into the polymer electrolyte 

a membrane hawing no physical detects has been found to be about 1 In ? hiA/i.-m 2 . It has thus been (uurid thai when 
the vhIub is not greater than about 2 mAvfcm 2 . lha influence of thB hydrogen leak current further decreases. 
[0055] It le preferred that the hydrogen leak current of each unit cell be measured by; supplying an inert gas to one 
of tho electrodes of the MEA and n fual gas to the other electrode; Applying to each of the MEA« ft constant DO voltage 
In obtain a slfiady-slale current, or applying thereto a constant DC current to obtain a steady-state voltage: and con- 
ic verting, by calculation, a difference value obtained by subtracting a value corresponding to the short-circuit conductivity 
from a Value calculated from the steady-state current or the 3lBady-slHlB voltage, to yield Ins hydrogen leak currant, 
By supplying an insert gas to one of ihe electrodes (ordinarily, but not nanasfinrlly, oxidant electrode) of the MEA and 
a ruel gas to the other electrode (ordinarily, but not necessarily, fuel electrode), and applying a constant DC voltage or 
a constant DC current, a steady-state current or a steady-stale voltage is obtained. The total conductivity calculated 

is rrom IhaslBady-slalecurrBnl or the steady-stale vollage Includes both (ho conductivity attributed to micro short-circuits 
and the hydrogen leak current value, more precisely the conductivity corresponding to the hydrogen Icakcurrcnt value. 
Thus, by subtracting the conductivity attributed to the micro short circuits from the total conductivity, a conductivity 
difference is obtained. Re-convertiny, by calculation the conductivity dillerencB to a current value par areaol alBdroda 
of unit cell, the hydrogen leak current can be obtained. 

2f [0056J Next, regarding the configuration of the electrically conductive separator plates, it is preferred tii£it each gas 
flow channel of each separator plate have a groove width of about o.a mm to 1 mm. and a groove depth of aboui 0.3 
to 1 mm. When tho groova width is greater than about 1 mm, parfcularly in the cats of soft gafi diffusion layers, e.g., 
of carbon cloth, the gas diffusion layer is likely to hang out or protrude Into each groove or gas follow channel. On the 
other hand, when tho groove width Is smaller than about O.B mm, the resultant amount of gaa flow in each groove or 
gw* flow channel may become undesirably insulficient. When the groove depth is smallerthan about 0.3 mm, It becomes 
likely that the gae diffusion layer hanging out or protruding Into the groove may block too much gas flow, thereby 
decreasing the resultant fuel cell performance. On the other hahd, when the groove depth is greater than about 1 mm, 
oach separator plate is likely to become too weak In order To increase the strength of each separator plate having 
mind large groove depth, it henomes nnreMwwy to make each separator plate overly thick 

so [0057] in the present specification, the term "groove width" Is used to mean average width of groove. When the wall 
of the groove Is vertical to the surface of the separator plate, namely not tapered, the groove width is cmistsm from 
the top surface of IIih groove to the bottom surface of Ihe groove. So, when the groove width is described as being, o. 
g., 1 .0 mm, it is 1 .0 mm from the top to the bottom of the groove. However, when the groove wall Is tapered, such that 
the top surface of the groove is wider than the bottom surface of the groove, the groove having a groove wldlh of 1 .0 

35 mm according to the present specilicalion can have a top surface width greater than 10 mm (B.g. 1.1 mm) and a 
bottom surface width less than 1.0 mm (e.g. 0.9 mm) as long as the average groove width Is 1.0 mm. 
[0058] Regarding contact urea between each electrically conductive separator plate and each electrode, it » pre- 
ferred that the area of each electrode which contacts each separator plates be equal to or greater than tha urea ol 
each electrode which is out of contact with each separator plate This non-r.ontar.t nr contact between the electrode 

40 and the separator plate Is primarily attributed to the separator surface having tho groove portions or gas flow channel 
portions and to rib portions, respectively. When the contact area relation as described above is satisfied, particularly 
in the case of soft gas diffusion layers, e.g., of carbon clolh, it becomes easier to prevent each gas dilfusion layer from 
hanging out or protruding Into each gas follow channel, and to evenly 6andwlch the entire area of each electrolyte 
membrane by each pair of electrodes. Furthermore, under such contact area relation between each electrode and 

41> each separator plate, it becomes possible to use separator plates having a relatively low electric conductivity or high 
resistance without significantly affecting the resultant fuel cell performance due to the relatively low conductivity or high 
resistance of tho separator plate. 

[0059] According to a still further aspect of tho present Invention which relates to a method of manufacturing a polymer 
electrolyte fuel cell, a feature thereof is that the method comprises an inspection process comprising the Steps of: 
so measuring the Short-circuit conductivity Of each MEA and/or the hydrogen leak current of each unit cell; and removing 
such MEAs or such unit calls or such cell stack(s) that have short-circuit conducliv titws exceeding a predetermined 
shorl-cirRiiitnonduolivily value or have hydrogen leakcurronte exceeding a predetermined hydrogen Icakcurrcnt valuo. 
By Introducing such Inspection process, fuel cells capable of stably operating for a long time can be manufactured 

without necessitating actually operating the fuel cells 

" [0060] Here, for the reasons already set forth above, it is preferred that such predetermined short-circuit conductivity 
value be about 1 .5 mS/cm 2 and such predetermined hydrogen leak current value be about 3 mAfcm 2 , Further, fuel 
cells can be efficianlly manufactured by conducting Ihe inspection process before the process of forming the cell stack, 
and by removing such MEAs or such unit cells that have short-circuit conductivities exceeding the predetermined short- 
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circuit conductivity value or have hydrogen leak currents exceeding the predetermined hydrogen leak current value, 
Further, even if the inspection process is conducted after the process of forming the cell stack, fuel cells can still be 
efficiently or conveniently manufactured by removing such MtAs or such unit cells or such call siack(s) lhai hava shori- 
circuit conductivities exceeding the predetermined short-circuit conductivity value or have hydrogen leak currents ex- 
5 seeding the predetermined hydrogen leak current value Thus, prc-shipmcnt inspection can then be easily conducted 
without the need for measurements of fuel cell performance using actual operation of the fuel cells, which ha3 conven- 
tionally been needed. 

[0061] The present Invention will now be described with reference to the following specific, non- limiting Examples. 
10 EXAMPLE 1 

[0062] The present Example 1 will be described with reference to FIGS, 1 A, 1 B, 2A, 2B, 3A, 3B, 4, 5 mid 10. 
[0Q83] Fust of all, a method ol making an elecLrode having a catalyst layer lormed thorcDn will bo described. An 
acetylene black powder carrying 25 wt% of platinum particles having an average particle size of 3 nm was prepared 

ls us a catalyst fur the electrudea. An ethyl alcuhul dispersion ofaperfluorocurbori sulfonic «cid powder whs mixed whh 
a solution of isnpropanol having this catalyst powder dispersed therein, thereby forming a catalyst paste. 
[0064] Meanwhile, plural car&on papers (I gp-h-i 20 product oTToray industries, inc.) each having an outer dimcn 
slon of 9 cm X 20 cm and a thickness of 270 nm, as a porous supporting body for supporting an electrode, were 
subjected to water repelling treatment as follows. I ha carbon paper was immersed in an aqueous dispersion containing 

20 a fluorocarbon main (Neoflon™ ND1 : product of Dalkln Industries. Inc.), dried, and then heated at 380 "C for 30 minutes, 
thereby giving water rcpcllcney to the carbon paper. On one surface of the carbon paper, the above catalyst paste was 
coated by using 3creen printing, thereby forming a catalyst layer, Here, a part of the catalyst layer is imprcgnaled or 
buried in the carbon paper An electrode was thereby mads o| a carbon paper with a. catalyst layer formed thereon. 
Hare, an adjustment was made so that the thus-made electrode contained 0.3 me/cm 2 of platinum, and 1 .2 nig/cm 2 

*5 of pcrfluorocaibon sulfonic acid. 

[0065] Thereafter, a pair of such electrodes was bonded, by hoi pressing »l a lemparalure of 130°C and a pressure 
of 3 kgr/cm 2 on a front surface and a rear surface, respectively, of a proton conductive polymer electrolyte membrane 
having an outer dimension of 10 cm X 26 cm In such a manner that the catalyst layers of the electrodes were brought 
into contact witli thy opposite major surfaces of the electrolyte membrane, thereby forming an nlprlrnlyln membrane- 

30 «|Kt:irnde assembly (MEA). The proton conductive polymer electrolyte membrane used hare was made by using a 
pert luorocarbon sulfonic acid, and was formed to a thin film having a thickness of 50 urn. 

[0066] FIG. 1 A and FIG. 1B aro schematic plan views showing an oloctneally conductive HupHraturplHla hb ubbcJ In 
the present Example, showing a front surface and a rear surlace thereol, respectively, which have, e.g , grooves for 
gas communication, namely gas Mow channel This separator plato was made by cutting a dense and gas Impermeable 

f5 Isotropic graphite (glass like carbon) plate. FIG. 1 A shows configurations of oxidant gas communication grooves or 
flow channel, and FIG. t B shows configurations of fuel gas communicalion grooves or flow channel. The separator 
plate had a dimension of 1 o cm x 2c cm, and a thickness or 2 mm amoves 1 1 a, 1 1 b arc each concave portions having 
a wic-th or 1 o mm and a depth or 0./ mm for the reactive gases to communicate therethrough, respectively. On the 
Other hand, lib portions 12a, 12b between the gas flow channels are each convex portions having a width of 1 .? mm, 

w with the surfaces thereof being the surfaces of the separator plate. Further, the separator plate had, formed therein, 
manifold holes (Inlet 13a, outlet 13b) for oxidant gas, manifold holes (Inlet 14a, outlet 14b) for fuel gas, and manifold 
holes (inlet 16a, outlet 15b) for cooling water. 

[00B7] As will be dascribed later, in sandwiching an MFA between two separator plates each as shown In FIGS. 1A 

and 1B fnr making a unit cell, the rear surface, FIG. 1 EV of one of the separator plates was placed to face the front 
surface, FIG. 1A,ofthcotherscparatorplatc,withthcMEAbeingsaridwichedtherebetweeti. Foi this reason, as shown 
from FIGS. 1A and 1B, the respective elements such as gas communication grooves on the opposite surfaces of the 
separator plate were designed to be correspondingly positioned and have the came shapes and slzos, thereby enabling 
matching for the sandwiching. 

[00S8| FIG. ?A and FIG 2R urn s«:tiHrrirt1ir: plan uIhws showing a further electrically conduclive separator plato as 
s ° used in the present example, showing a front surface and a rear surface thereof, respectively. FIG. £A shows config- 
urations of oxidant gas communication grooves or flow channels formed on the front surfaco of the separator plate ae 
in FIG. 1 A, whilo FIG, 28 shows configurations of a cooling water flow channel formed on the rear surface thereof lor 
llowlnrj a cooling water therethrough. 

[0069] The scoarator plate as shown In FIGS. 2A and 2B was so designed to have manifold hole3 (inlet 25a, outlet 
£ £ 25b) for cooling water positioned at lotatkiris corrHsponding to lha manifold holes 15a, 15b for cooling water of FIGS. 
1A and 1B, respectively. Also, the iDrmer maniioid holes were so designed to have the same size and shape corre- 
sponding to those of the latter manifold holes. Likewise, the sizes and shapes as well as the positions ol other manifold 
holes for gas communication (oxidant gas inlet 23a and nutlet ?3b; fuel gas inlet ?4a and outlet 24b) were designed 
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to be the seme as and correspond to those of the manifold holes for gas communication in the separator plate as 
shown in FIGS. 1 A and 1 B. 

[0070] Reference numeral 21 designates a concave-shapod portion or groove for flowing cooling water from the inlet 
25a. The depth of the groove was 0.5 mm. Reference numeral 22 designates convex-shaped portion or rib between 

5 i t? ijti)ovaMHt.'i|ona of if it; gn>ovuPl. The rib is a portion of the separator plate having remained by the nutting machining 
for the groove 21 . The cooling water flows into the groove from the inlet 25a, and reaches Ihe outlet 25b. 
[0071) As will be described later, In sandwiching an MEA between one separator plate as shown In FIGS. 1A, 1B 
and a further separator plata as shown in FIGS. 2A, 2B tor making a unit call, the rear surface, FIG. 1 R, of tha fine 
separator plate was placed to face the front surface, FIG. 2A, of the further separator plate, with Ihe MtA being sand- 

'o wished therebetween. This Is the reason why, as shown In these drawings, the respective elements such as gas com- 
munication grooves on Ihe surface of the onB separator plate as shown In FIG. IBwere designed to be correspondingly 
positioned and have ths Rama shapes and si?Bs as those of the further separator plate as shown in FIG. ?A, thereby 
enabling matching for the sandwiching. 

[0072] FIGS. 3A and 3B are schematic plan views allowing a still further electilcally conductive separator plate as 
is used In the present. Example, showing a rrnnl surface and a rear surface thereof, respecllvaly, FIG. 3A shows config- 
urations of a cooling water flow channel, while FIG.3B shows configurations of a fuel gas flow channel. Tho size and 
shape Q3 well as the positions of manifold holes for cooling water communication (inlet 35a, outlet 35b) were designed 
to be the sHme as Hnd correspond to those of the manifold holes lha, lib for cooling water communication in Ihe 
separator plate as shown In FIGS. 1A and 1B, Likewise, the sizes and shapes as well as the positions of manifold 
*o holes for gas communication (oxidant gas inlet 33a and outlet 33b; fuel gas inlet 34a and outlet 34b) were designed 
to be IhB 3Hms as and correspond to thuse of the manifold holes for gas communication in Ihe separator plate as 
shown in FIGS. 1A and 1B. 

[0073] Reference numeral 31 designates a concave-shaped ponlon or groove for flowing cooling water from the Inlet 
35a. The depth of the groove was 0.5 mm. Reference numeral 32 designates a convex-shaped portion or rib between 
the groove sections of the groove 31 . The rib is a portion ol the separator plate remaining from the machining for the 
groove 31 . The cooling water flows into the groove from the Inlet 35a, and reaches the outlet 35b. 
[0074] As will be described later, an electrically conductive separator plate unit having a coollhg water unit therein 
waa made by combining one separator plates as shown in FIGS 2A, 2B and a further separator plate as shown in 
l-IGS. 3A, OB in a manner thai the rear surface, FIG. 2B, of the one separator plate was placed to. laois and bonded 
m with tho front surface, FIG. OA, of the further separator plate. This Is the reason why, as shown In these drawings, tho 

respective elements such as the cooling water grooves and ribs on the surface of the one separator plate as shown 
ii i FIG. 2B wore dm.iijnml to bn nnrrBF.pondingly positioned and have Ihe same (shapes and r. i/es as those of the further 
separator plate as shown In FIG. 3A, thereby enabling matching Tor the race to race bonding. 
[0075) It is to be noted here that in the case of electrically conductive separator plates to be placed at both ends of 
33 a cell stack fur contacting current collecting plales, as will be described with reference to FIG. 5, one surface of each 
such separator plate, which 6tirtace is for contact with the current collecting plate, was not provided with any flow 
channel, but kept planar. 

[UU76| Next, in making each unit cell or separator plate unit having a cooling unit therein by using separator p!ate3 
as shown in FIG 1 A In FIG 3R, sealing momhars for gaskets wereiiKBri. Mom specifically, O-ring-lika sealing members 

■to made of Viton™ (product of DuPont Dow Elastomer Japan) being an elastic body, each sealing member having a 
circular or ellipse cross-section, were placed on surfaces of separator plates at places close to the peripheries of, and 
in a manner to encircle, the gas communication grooves, the cooling water channels and the mHnifold holes. ThBse 
scaling members are shown In such drawings FIG 1Ato FIG. SB by reference numerals 16a,16b ; 17a, 17b, 1Sa, iBb, 
28a, 26b, 27n, 27b, 28a : 28b, 36a, 38b, 37a, 37b, 38a and 38b As shown in the plan views of these drawings, they 

■is have shapes ol circles or ellipses for encircling eHch manifold hole, ar shapes of irregular loops lor encircling each 
entire gas flow channel or each entire water cooling channel. 

[0077] These sealing members were placed at corresponding positions at facing surfaces of each pair of separator 
plates for forming each unit cell and cooling water unit, so that the thus facing sealing members in each pair of separator 
plates were cither indirectly pressed to each other with a polymer electrolyte membrane therebetween at certain places, 

bo or directly pressed to each other at other places. Consequently, such sealing members In combination with surfaces 
iif iseparator plates supporting the sealing members constituted gaskets having a seating function. 
[0078] The term "O-ring-likc" in tho "O-ring-liko" sealing mornbor is used heroin to express, that the scaling member 
has a ring or loop shape corresponding to the shape of the portion to be encircled and sealed thereby, and that the 
sealing member has a cross-section of a circle or an ellipse. 

55 [0079] Describing more specifically with respect to, e.g., a cooling water unit, a separator plate as shown In FI9S. 
2A, 2B was combined with a separator plate as shown in FIGS. 3A, 3B in a manner that the surface as shown in FIG. 
2B was placed to face tho surface as shown in FIG. 3A, so lhat the ribs and grooves of one surface face Ihose of the 
other surface, and also that O-rlng-IIke sealing members on the two facing surfaces face and are pressed to each 
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olher. II necessary, an Qleclrically conductive adhesive was used for bonding each O-ring-like sealing member to Its 
supporting surface on each electrically conductive separator plate. 

[0080] Next, each proton conductive polymer electrolyte membrane of each prepared MEA was provided with man- 
ifold holes for (lowing cooling water, fuBl gas and oxidant gas. FIG. 4 shows a Irani surface ol an MfiA. Referring to 
FIG. 4, reference numeral 40 designates an electrode such as a fuel electrode, and reference numeral 41 designates 
a proton conductive polymer electro lyto membrane. The polymer electrolyte membrane 41 was provided with manifold 
holes (inlai 43h Hnd outlet. 43h) for oxidant gas, manilold holes (inlet 44h and outlet 44b) Tor fuel gas, and manifold 
holes (inlef <£5a and outlet 45b) for cooling water. The sizes and shapes as well as the positions of these manifold holes 
were designed to be the same as and correspond to those respective manifold holes in the separator plates as shown 
in FIG. 'A 10 FIG. 3B. Although not shown in FIG. 4, the mat aurfacu nl the MCA was also provided with an electrode, 
such as an oxidant electrode, and all six manifold holes pass through to the rear surface as well. 
[0081] in the present Example 1 , a polymer electrolyte fuel eel! having a two- cell-stacked cell stack wets made. The 
structure or such lusl call will be described below wilh reference to f~IG. 5 FIG. S is a schematic front view of such Tuel 
cell, wherein the upper part Is a schematic croes-seetlonal view cut by a plane which Is parallel to the length of tho fuel 
cell or perpendicular to each separator plate, and which passes through the center of each manifold hole of the fuel 
gas inlet. 

[0OB2J Helerring lo I IG. 5, a combination of a two-cell-stacked call stack and two cooling units provided at both outer 
surfaces of the cell stack Ie sandwiched by two current collecting plates 581a, 581 P. Describing It from the left side 
starting from the left side cooling unit: First, reference numeral 501 designates an electrically conductive separator 
plate having a planar surlace at a front surface tharaor and having, al a raar surface thereo|, a surface as shown In 
FIG, 2B, where a cooling water flow channel and respective manifold holes are formed, Reference numeral 502 des- 
ignates an electrically conductive separator plate having, ot a front surface thereof, a surface as 3hown in FIG. 3A, 
where a cooling water flow channel and respective manifold holes are formed, and having, at a rear 3urlaca thereof, 
a surface as shown in FIG 3B, where a fuel gas flow channel and respective manifold holes are formed. These two 
separator plates are bonded to each other, with O-ring-liko gas sealing members 527, 537a placed on tho respective 
separator plates being pressed to each other, thereby forming a cooling wRtftr unit having a cooling water flow channel 
£11 by or between the two separator plates, and also forming apart ol a fuel gas manilold 554 which penetrates the 
cell slack. In FIG. 5, gas sealing members 527 and 537a for encircling and sealing the fuel gas manifold 554 are 
partially shown. 

[Q083] Reference numeral 503 is an electrically uoi iduetiva separator platehHvirig, Hi a front Hurfmre Ihnremf, H surface 
as ahown in FIG. 1 A where an oxidant gas flow channel and respective manifold holes aro formed, and having, at a 
rear surface thereof, a surface as shown in FIG. 1 B where a fuel gas flow channel and respective manifold holes are 
formed. Between Ihe hunt surface ot the separHlor olale 503 and lha rear surfHce ol tha separator plate hua, an MEA 
as shown in FIG 4 is sandwiched, the MFA comprising electrodes 54na, 540b sandwiching a polymer electrolyte 
membrane 541 having respective manifold holes. The electrode 540a faces and contacts a fuel gas flow channel 521 , 
and the electrode 540b faces and contacts an oxidant gas flow channel 531a, thereby forming a unit cell hIso having 
a pari of the fuel gas manifold 554. In FIG. 5, gas sealing members 537b, 547a, which are placed on the separator 
plates for encircling the fuel gas manifold 554, and which are pressed to each other Indirectly via the polymer electrolyte 
membrane 541 , arc partially shown. 

[0084} Reference numeral 504 Is an electrically conductive 3eparalor plale having, at a Ironl surface thereof, a surface 
as shown in I IG. ?A where an oxidant gas flow channel and respective manifold holes are formed, and having, at a 
rear surface thereof, a surface as shown In FIG. 2B where a cooling waterflow channel and respective manifold holes 
are formed. Between the front surface of the separator plate 504 and the rear surlace of the separator plats 503, an 
MHA as shown in FIG. 4 is sandwiched, tha MFA comprising Blectmriofi 5.50a, fifiOh sandwiching a pnlymer electrolyte 
membrane 551 having respective manifold holes. The electrode GGOa faces and contacts a fuol gas flow channel 531 b, 
and the clcctrodo 550b faces and contacts an oxidant gas flow channel 581 , thereby forming a unit cell also having a 
part of The fuel gas manifold 554. In FIG, h, gas annling members 547b, 557a, which are placed on the separator plates 
ror encircling the fuel gas manifold 554, and which are pressed to each other Indirectly via the polymer electrolyte 
membrane 551 , arc partially shown. 

[0085) Reference numeral H05 is an electrically conductive separator plate having, at afront surface thereof, a surface 
as shown in FIG, 3A where a cooling water flow channel and respective manifold holes are formed, and having a planar 
rear surface. The separator plate 504 ahd the separator plate 505 are bonded to each other each other-, with O-ririg- 
like gas sealing members 557b, 5H7 placed on the respective separator plates being pressed to each olher, thereby 
forming a cooling waier unit having a cooling water flow channel 571 by or between the two separator plates, and also 
forming a part or a fuel gas manifold 554 which penetrates Ihe cell stack. In TIG 5, gas sealing members 55/ta and 
567 for encircling and sealing the fuel gas manifold &54 are partially shown. 

[0086] In tho above manner, the combination of tho two cooling units sandwiching the two- cell-stacked cell stack 
was formed. As shown in FIG. 5, such combination is further sandwiched between two current collecting plates 5B1h, 
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581b, each being made of copper having gold plating on tha surface thereof. This sandwich structure is sandwiched 
between two insulating plates 582a, 5B2b made of reel n material. Finally, the thus formed sandwich structure Is further 
sandwiched between two end plates 5fi3a, 5fl3b made of SUS stainless steel. These current collecting plates 581a, 
581b, insulating plates 5B2a, 582b and end plate 583a are also provided with manifold hoists hs purls of Ihe fuel tjns 
5 manifold, 

[0087] A fuel gas i« introduced from a fuel gas introduction pipe 554a welded to tho end plate 583a, and Is Injected 
Into the fuel gas manifold 664 which is an integration of the sDove-described parts ol Ihe fuel rjapmanilnld. Tha injected 
fuel gaa flows through fuel gas 1low channels of the separate- plates, and Is exhausted to outside of the fuel coll through 
a fuel gas exhaust pipe 554 b welded to the end plate 583b 

10 [0088] The above description mainly refers to the upper part as shown by the crnss-seciionHl view in FIG. 5. A3 
understandable therefrom, the lower part as shown by the front view In FIG. 5 has a structure similar to the upper part, 
although detailed desciiplion therefor ia omitted here, except for tho following brief description. That is, in the lower 
part, an oxidant gas Is Introduced from an oxidant gas introduction pipe 553a welded to lha end plale 583a, and is 
injected into an oxidant gas manifold being formed to penetrate tho separator plates. Tho oxidant gas flows through 

1s oxiUanL gas /low channel* ul the sepm utui plates, and is then exhausted to outside of the fuel cell through an oxidant 
gas exhaust pipe 553b welded to Ihe and plale 583b. 

[0089] The stacked assembly as formed above Is fixed by tightening members provided at four corners ai each outer 
surface of each end plate. More specifically, through-holes are respectively provided at the four corners of each end 
plats. A tightening rod is provided lo each such through-hole, and is provided with a bolt and a spring at an end thereof, 
so and with a nut at the other end thereof, whereby a tightening pressure can be applied lo IhBslHckad assembly. Referring 
to FIG 5, two each of such four kinds of tightening members are shown, namely bolts 592a, 595a, springs 593. 696 

{vuilh or without washers), tightening rode 501, 504 and nuts 502a, 505b According to the structure os shown In FIG. 
5, lha two each ol such lour kinds ol lightening membeis are designed t<> have Their centers positioned on the cross- 
sectional plane as shown by the cro£S-eectlonal view with respact to the upperpart of FIG. 5 In the manner hs described 
rtbui/n, h twu- cell-stacked polymer electrolyte fuel cell according to the present Example was made. 
[0090) The preeenl specification Including the prwelit Example and other Examples refer To tightening pressure par 
area of the electrode and to tightening pressure per contact area ol the cleclrodo and Ihe electrically conductive sep- 
arator plate. Such tightening pressures can be measured by using a pressure sensor, but can also be obtained by 

using calculations as well. This will be desciibed below. 

oo [0091] First, tightening load nl each sailing member or gasket c*n bo ublHined, by calculation, from the elastic 
recovery foiceol the sealing membei, wherein the clastic recovery force can alternatively bo expressed by compression 
recovery farce or reactive force. Subtracting this tightening load of the sealing member from the total tightening load 
applied to the cell stack, lha tightening load applied lo IhaelBclrodacan ba oblainBd. Further, dividing Ihe thus calculated 
tightening load by tho area of the electrode, the tightening pressure per area of the electrode ran ba obtained by such 

35 calculation, 

[0092] HBra, ihe total lightening load and the elastic recovery force of the sealing member can be obtained as follows, 
In the case that the cell Stack Is tightened, n.rj . by a coil spring or a bellavilla spring, so as to receive a CDnslanl load, 
the total tightening load of the cell stack can be calculated by multiplying the spring constant by the elastic shrinkage 
Hrnounl or compression amount of the spring. 

■to [0093] The elastic recovery force of the sealing member CHn be calculaled B3 (dIIows on Ihe assumption that all Ihe 
sealing members used have the same elastic shrinkage property. The shrinkage (compression) amount of Ihe sealing 
member is so designed that oach olcotrically conductive separator plate contacts each electrode with an optimum load 
when lha sealing member shrinks by h certain shrinkage amount. More specifically, the design Is made with known 
design parameters to control the pressure applied to the respective elements, such as thB electrodes, by the shrinkage 

*» amount of oach scaling member. Based on such design parameters, the clastic recovery force Of the sealing member 
can bo calculated whan the sealing member shrinks with the certain shrinkage amount 

[0094] Alternatively, the shrinkage amount of tho sealing member can be calculaled as (nllowe, The! its, subtracting, 
the length between the two end separator plates of the cell stack, after the tightening of the cell stack, (rom the corre- 
sponding length between the two end separator plates of the cell stack before the tightening, namely free length, the 

'0 total shrinkage amount of the sealing members can be obtained Since the cell Black has plural layers ol sealing 
members, the total shrinkage amount of the sealing members is the sum of tho shrinkage amounts of respective layers 
of sealing members. Accordingly, dividing lha total shrinkage amount of the sealing members by the number of layers 
oi sealing members, the shrinkage amount of the sealing member per layer of sealing members can be obtained. 
[0095] Further, subtracting the elastic recovery force of the gas scaling members from the total tightening load of 

** the cell stack, the tightening load applied to tha electrode can be calculated. Lastly, dividing Ihe lightening loud lo the 
electrode by the area of the electrode, the tightening pressure per area of tha electrode can be obtained, Similarly, 
dividing the tightening load to the electrode by the contact area between the eloctrodo and the separator plate, the 
lightening pressure par contact area between the electrode and the separator plate can be obtained. 
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[00%] Hereinafter, the experiments conducted in thepresent Example, using a two-cell-stackad fuel cell as prepared 
in the preaenL Example and H3 shown in FIG. 5, will bo described 

[G097] Various tightening pressures between 1 kgf/cm 2 and 1 0 kgf/cm 2 of area of the electrode wore applied to the 
coll stack More specifically, first, a tightening pressure of 1 kgf/cm 2 of area of the electrode was applied to the cell 
s Stack, and was subjected to measurements ol power generation performance, ahort-circoil conductivity and hydrogen 
leak curanl Therea'tor, lha lightening pressure was increased to a next one, and the same measurements a6 tortho 
above the tightening pressure' kgf/cm 2 were conducted. A combination of such ineieuau of tightening prt>aaute arid 
measurements conducted at the increased tightening pressure wh3 repented 

[0096] For measuring the power generation performance of thef uel cell, the fuel coll according to the present Example 
io was kept at 70"C, wherein a hydrogen containing gas consisting Df 80% hydrogen, 20 % carbon dioxide gas and 10 
ppm carbon monoxide gas and being humidified and heated to have a dew point of 6tf.5°C Was supplied to the fuel 
eloctroda, and air humidified ^nd heeled in have a dew point also ol 70"C wa6 supplied to the oxidant electrode of the 
fuel cell. 

[0099] This fuel cell was then subjected lo measurements of continuous power generation under the conditions of 
's h luel uiili/Hiion raie of »o%, an oxygen utilization rate ot 40% and an electric current density ol 0.3 A/cm 2 . FIG. 9 
shows the results or such measurements per one unit cell of the fuel cell. In FIG. 9, V0 designates a characteristic 
curve of the open Circuit voltage, While V1 designates a characteristic curve uf Ihe cell voltage during power generation 
at a current density of 0.3 A/cm 2 . 

[0100] It was found therefrom that the open-circuit voltage V0 was not significantly affected by the tighteningpressure, 
£° and started gradually decreasing when a tightening pressure was increased Lu about B kgl/cm 3 or mure. However, Hie 
cell voltage V1 during power generation w«3 significantly aifeclad by tha lighlening pressure. At a tightening pressure 
below 2 kgl/cm 2 tha catt voltages wara extremely low. As the tightening pressure exceeded 2 kgf/cm 2 , the coll voltage 
started gradually Increasing, and at a tightening pressure of about 6 kgf/cm 2 , It became substantially saturated. It has 
been found therefrom that the tightening pressure per area of electrode needs to be not lower than about 2 kgf/crn 2 . 
as [0101] Next, in order to measure the short-circuit conductivity, the two-cell-stacked fuel cell according to the present 
Example was kept at 70 a C, wherein a nitrogen gas humidified and heated to have a dew point of 6&.S"C was supplied 
to one of the electrodes of each unit cell, and also nitrogen gos humidified and heated to htive a dew point of 70»C 
was supplied to the othereleetrode of each fuel cell, After the gas atmosphere in eHch unit cell was sullicienlly displaced 
by nitmgnn, a DC voltage ol 0.2 V per unit cell, total 0.4 V, was applied to the cell stack of the fuel cell. At a time point 
30 of 3 minutes after the application of the DC voltage, a steady-state current in the cell stack was measured, By subjecting 
tho thus measured value to conversion calculation ae described above, the ehort-clrcuil conductivity of each unit cell, 
namely each MFA, whb obtained, 

[0102] Further, with the tightening pressure applied to the fuel cell for measuring the above short -circuit conductivity 
being maintained as It was, a hydrogen gas humidified and hsaiad id have a dew poim of 68 5 u c was supplied io one 

35 of Ihe electrodes of each unit cell, and also nitrogen gas humidified and heated to have a dew point ot 70 D C was 
supplied to the other electrode of each fuel cell After trie gas atmosphere in each unit cell was sufficiently displaced 
by the respective gases, a DC voltage of 0.2 V per unit cell, total 0.4 V, whb applied lo the cell slack ol the luel cell. At 
a time point of a minutes after the application ut the DC voltage, a slsady-slulB currant in the coll stack was measured. 
Hy subjecting the thus measured value to thacnnvflrslnn calculation as described above, the total conductivity of each 

40 unit cell, namely each MEA, was obtained. Subtracting the above obtained short circuit conductivity from the thus 
obtained total conductivity, a difference value therebetween was obtained. By subjecting ihB thus obtained dillarencs 
value to the conversion calculation as described abova, tha hydrogan leak current of each unit coll was obtained. FIG. 
10 shows the thus measured and obtained results, where Cs designates a characteristic curve of the short-circuit 
conductivity, and Ih designates a characteristic curve of the hydrogen leak current. 

4s [0103] It was found therefrom that Ihe shorl-circuit conductivity started increasing when the applied tightening pres- 
sure exceeded 4 kgf/cm 2 of area of the electrode, indicating that micro short-circuits started being generated at such 
tightening proeeuro exceeding 4 kgf/cm 2 . However, the hydrogen leak current did notahow any significant variation, 
and was substantially constant In the range of the experimental tightening pressures, without depending on the light- 
ening pressures. From these results, it has been found that the tightening pressure needs to be not greater than about 

•5" 4kgf/crn 2 of area of the electrode for the purpose of suppressing the generation of micro short-circuits. 

[0104] In the above experiments, the current, aa steady-stale currenl, was measured at a lime point of 3 minutes 
alter ihe application ol the DC voltage, i hie was done because the current reached a roughly steady-state level at a 
time point of 1 minute after the application of the DC voltage, end could well be recogniJ-ed as substantially steady- 
state level at a time point of 3 minutes after the application of the DC voltage. This is also evident from Ihe experimental 

55 results as shown by FIGS. 13 and 14, discussed later. 

[0105] Next, two-cell-stacked fuel cells according to the present Example were subjaclad lo durability lesl as follows, 
Firsl, six ol such fuel calls ware prepared lo these fual calls, tightening pressures of 1 , 2, 4, 6, 8 and 10 kgf/cm 2 of 
area of electrode were applied, respectively. For measuring and examining the stability of the power generation per- 
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formanca of such fuel colls, each such fuel cell was kept at 70"C, wherein a hydrogen-containing gas consisting of 
80% hydrogen, 20 % carbon dioxide gas and 10 ppm carbon monoxide gas and being humidified and heated to have 
n dew point of 68.5"C wfis supplied to the fuel electrode, and sir humidified find heated to have a dew point also of 
70"C wn» supplied lo the oxidant el»clrod» o( Ihe fual cell. Lach luel cell was than subjected lo measurements of 
continuous power generation of 10,000 hours under the conditions of a fuel utilization rate of 80%, an oxygen utilization 
rate of 40% and an otectric cun'ont density of 0.3 A/cm 2 

[01 06] It was lound that lor the Kiel cell having applied thereto the tightening pressure of 1 kgf/cm 2 of flren ol electrode, 

the power generation performance was already very bad at the initial stage. With respect to the fuel cells having applied 
thereto the tightening pressures of 2 kgf/cm 2 and 4 kgf/cm 2 of area Df electrode, they were found lo be good, showing 
average call voliaga deterioration rates of I mV/inoo h (hours) and 1.5 mV/1000 h, respectively, during the lo.ooo 
hour continuous power generation test, those two fuel cells were also subletted to the measurements of short-circuit 
conductivity and hydrogen leak current just after the 10,000 hour test in a manner as described above, A3 a result, 
thoy showed ihe same short-circuil conductivity and hydronan leak current as those at the initial stage, 
[0107] With respect to the fuel coll having applied thereto the tightening pressure of 6 kgf/cm 2 of area of electrode, 
it showed average eell voltage deterioration rate of 7 mV/1000 h up to 5ooo hours after the stent of the continuous test, 
but started showing Hbrupl decreasa ol the cell voltage at about 6000 hours after the slarl ol the continuous test, and 
soon the cell voltage decreased to such level as to be impossible to continue its power generation any further. 
[01 08] Further, with respect to the to the fuel cell having applied thereto the tightening pressure of 8 kgf/cm 2 of area 

of electrode, it ahuwed average cell voltage deterioration rata of 1B mV/1000 h up to 2000 hours after the start or Ihe 
continuous IbsI, but a! aboul 3000 hours allar Ihs start of the continuous test, the coll vnltage decreased to such level 
as to be Impossible to continue Its power generation any further. 

[0103] Lastly, with respect to the fuel eell having applied thereto the tightening pressure of 10 kgf/cm 2 of area of 
electrode, it showed average cell voltage deterioration rale ot 120 rriWIOOO li up lo 800 hours after the start of the 
continuous test, but at about 1000 hours afler the start of the continuous test, the cell voltage decreased to such level 
as to be impossible to continue its power generation any further. 

[0110] Furthermore, the ahort-oirouit oondnotivitiee and the hydrogen leak currents of the fuel rjells having applied 
Ihorelo Ihe tightening pressures ol 5, B arid 1 0 kgl/cm 2 of area of electrode wore measured after tho continuous power 
generation measurements. It was found therefrom that the short-circuit conductivities and the hydrogen leak currents 
of such fuel cells increased by about 2 digits (2 orders of magnitude) from their initial levels. 

EXAMPLE 2 

[0111] In a similar manner as described abova in Example 1 with reference Id PIG. 5, excepl [or a few changes madB 
here, a two-cell-stacted polymer electrolyte fuel cell according to the present Example 2 was prepared. The few chang- 
es wore- that in place of the carbon paper as used in Example 1 , a carbon cloth (product of Nippon Carbon Co., Ltd,) 
having the same outer dimensions as the carbon paper and having a thickness uf 300 urn was used, and that the 
groovos 11a, 11b of each alactrically conductive separator plate wars designed hereto have a groove width of 0.B mm 
and groove depth of 1 .0 mm In place of 1 .0 mm and 0.7 mm, respectively, In Example 1 . 

[0112] Hereinafter, the experiments conducted in the present Example 2, using such two-eell-staeked fuel eell as 
prepared in the present Example will be described. 

[0113] Various tightaning pressures between 2 kgf/cm 2 and 20 kgf/cm 2 of contact area between the electrodes and 
the separator plate were applied to the cell stack. More specifically, first, a tightening pressure of 2 kgf/cm 2 of contact 
area of the electrode and the separator plate was applied to the cell slack, and was subjected la measurements ot 
power generation performance short-circuit conductivity and hydrogen leak current. Thereafter, thetlghtenlng pressure 
was increased to a next one, and the same measurements as for the tightening pressure of 2 kgf/cm 2 above were 
conducted A combination of such increase of tightening pressure and measurements at the increased tightening pres- 
sure was repented. 

[01 1 4] For measuring the powcrgencration performance of thof ucl cell, the fuel cell according to the present Example 
2 was kept at 70"C, wherein a hydrogen-containing gas consisting of fl0% hydrogen, 20 % carbon dioxide gas and 10 
ppm carbon monoxide gas and being humidified and heated to have a dew point of 68.5"C was supplied to the fuel 
electrode, and air humidified and heated to have a dew point also of 70°C was supplied to the oxidant electrode of the 
fuel cell. This fuel cell was then subjected to measurements of continuous powBr generation under the conditions of a 
fual utilization rate of »o%, an oxygen utilization rate of 40% and an electric current density of 0.3 A/cm 2 . 
[0115] fig. 11 shows tho results of such measurements per one unit cell of the fuel cell, in FIG. 11, vo designates 
a characteristic curve of the open-circuit voltage, while V1 designates a characteristic curve of the cell voltage during 
power generation at a currant density of 0.3 A/cm 2 . 

[01 16] It was found therefrom that the open circuit voltage was not significantly affected by the tightening pressure, 
and started gradually decreasing when a tightening pressure was Increased to about 12 kgl/cm 2 or more of contact 
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area between electrode and separator plate However, the cell voltage during power generation was significantly af- 
fected by the tightening pressure, At a tightening pressure below 4 kgf/cm 2 of contact area between electrode and 
separator plate, the cell voltages were extremely low. Aa the tightening pressure exceeded 4 kgf/cm 2 of contact area 
between electrodes and separator plate, the cell voltago started gradually increasing, and at a tightening pressure of 
5 about 1 2 kgf/cm 2 of contact area between electrode and scparalorplalc, it became substantially saturated. It has been 
found therefrom that the Tightening pressure per contact area between electrode and separator plate needs to he not 
lees than about 1 kgf/cm 2 . 

[0117] Next, In order to measure the short-circuit conductivity, the two-ecll-stackcd fuel coll according to the present 
Example 2 was kept at 70 U C, wherein a nitrogen gas humidrf ad and heated to have a dsw point of 68.5 U C was supplied 

w lo one o( the electrodes ol each unit cell, and also nilroijsn gas humidi'ied and heated Lo have a dew point ol 70°t; 
was supplied to the other electrode of each fuel ceil. After the gas atmosphere in each unit cell was sufficiently displaced 
by nitrogen, a DC voltage of 0.2 V per unit cell, total 0.4 V, was applied lo Ihe cell stuck of the fuel cell. At a time point 
ot 3 minutes after the application ot the ucj voltage, a steady-state current in the cell stack was measured. Uy subjecting 
the thus measured value to conversion calculation as described above, the short circuit conductivity of each unit cell, 

'5 namely each MEA, was obtained. 

[0118] Further, with the tightening pressure applied I n the (urIcbII for measuring the above short-circuit conductivity 
being maintained as It was, a hydrogen gas humidified and heated to have a dew point of G8.5 n C was supplied to one 
of the electrodes of each unit cell, and also nitrogen gas humidified and heated to have a dew point of 70'C was 
supplied to the other electrode of each lusl call. After the gas atmosphere in each unit cell was suflicienlly displaced 

so by the respective gases, a DC voltage of 0.2 V per unit cell, total 0.4 V, was applied to the cell stack or the fuel cell. At 
a time point of 3 minutes after the application of the DC voltage, a steady-state current In the coll stack was measured. 
By subjecting the thus measured value to the conversion calculation aa described above, the total conductivity of each 
unit cell, namely each MbA, was oblained. Sublracling lha above obtained shorl-circuil conductivily Irom the Ihus 
obtained total conductivity, a difference value therebetween was obtained. By subjecting the thus obtained difference 

2i viiluu lo the uunveiaiun calculation aa described above, the hydrogen leak current of each unit cell wna obtained FIG. 
12 shows the thus measured and obtained results, where Ca designates a characteristic curvB ol the shoil-circuit 
conductivity, and Ih designates a characteristic curve of the hydrogen leak currant. 

[011 9J It was lound therefrom that the short-circuit conductivity Cs started Increasing when the applied tightening 
prftftftnre exceeded a kgf/cm :J of contact area between electrode and separator plate, indicating that micro short-circuits 

30 started being generated at such tightening pressure exceeding 8 kgl/cm 2 ol contact area bnlween electrode and eep- 
aratorplate. However, the hydrogen leak current Ih did notshow any slgnlfleantvarlatlon, and was substantially constant 
in the range of the experimental tightening pressures, without depending on the tightening pressures. From these 
results, it has been found that the tightening pressure needs to be not greater than about » kgf/cm 2 of contact area 
between electrode and separator plate tor the purpose ot suppressing the generation ot micro short-circuits 

as [0120] Next, two-cell-stacked fuel cells according to the present Example 2 wore subjected to durability test as fol- 
lows. Firsl, six of such (ubI cells were prepared. To Ihese fuel cells, lightening pressures ot 2, 4, 8, 1 2, 1 6 and 20 kgl/ 
cm 2 of contact area between electrode and separator plate were applied, respectively. For measuring and oxamlnlng 
the stability of the power generation performance of such fuel cells, each such fuel cell was kept at 70"C, wherein a 
hydrogen-containing gas consisting of 80% hydrogen, 20 % carbon dioxide gas and 1 0 ppm carbon monoxide gas and 

40 being humidified and heated to have a dew point of 68.5°C was supplied to the fuel electrode, and air humidified and 
hoatod to have a dew point also of 70"C was supplied to the oxidant electrode of tho fuel cell. Each fuel coll was then 
subjected to measurements of continuous powor gonoration of 10,000 hours under the conditions of a fuel utilization 

rate of 80%, an oxygBn utilization rale ot 40% and an eleclric currenl density □! 0 3 AfcmS 

[0121] It was lound that for the fuel cell having applied thereto the tightening pressure of 2 kgf/cm 2 of contact area 
45 between electrode and separator plate, tho power generation performance was already very bad at the initial stage. 
With respect to the fuel i:ells having applied thereto the tightening pressures «f 4 kgfA:rn 2 and K kgf/cm 2 of contact area 
between electrode and separator plate, they were found to be good, showing average cell voltage deterioration rates 
of 1 mV/looo h (hours) and 1.G mV/1000 h, respectively, during the 1o,oo0 hour continuous power generation test. 
These twin fuel nulls ware hIko subjected to the rneaKNr«niHiitn of Hhorl-nirmnt nnriHuctivity and hydrogen leak r.iiriHnt 
« Just after the 10,000 hour test In a manner as described above. As a result, they showed the same short-circuit con- 
ductivity and hydrogen leak current aa those at the Initial stage. 

[0122] With respect to the fuel cell having applied thereto the tightening pressure of 12 kgf/cm2 of contact area 
between electrode and separator plate, it showed average cell voltage deterioration rate ol 7 mV/1000 h up Lo 5000 
hours after the start of the continuous test, but started showing abrupt decrease of the cell voltage at about 6000 hours 
™ after the Start, of the continuous test, and soon the call voltage decreased to such level as to be Impossible to continue 
its power generation any further. 

[0123] Further, with respect to the fuel cell having applied theieto the tightening pressure of 16 kgf/cm 2 of contact 
area helwaen electrode and separator plate, it showBd average cbII voltage deterioration rale ol 1 6 mV/1000 h up to 
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2000 hours after the start of the continuous test, bvJt at about 3000 hours after the start of the continuous test, the cell 
voltage decieaaed lo auch level aa to be impassible Id continue ils power generation any further. 
[0124] I aEiiy, wilh respect loiha lusi call having applied thereto the tightening pressure of 20 kgf/cm z of contact area 
between electrode and separator plate, It shewed average cell voltage deterioration rate of 120 mV/1000 h up to boo 
5 hours after the start of the continuous test, but at about 1000 hours after the stuiiol the continuous leal, llieeell vullayt; 
decreased lo such level as lo be impossible la ccnlinue ils power generation any further. 

[012S] Furthermore, the ehort-clrcult conductivities and the hydrogen leak currents of the fuel cells having applied 
thereto the tightening pressures of 1 2, 16 nnd 20 kgf/em 2 of contact area between electrode and separator plate were 
measured aller the eonlinunuR power generation measurements. It was lound therefrom that the short-circuit conduc- 
to livitics and the hydrogen leak currents of such fuel cells Increased by about 2 digits Trom their Initial levels. 

EXAMPLE u 

[0126] For measuring of the conductivity of an MEA in a unit cell allribulad lo DC resistance componenl, namely 
15 shori-circuii conduciiviiy alone, wiihoui measuring iha hydrogen leak current and power generation performance, It Is 
possible to conduct me measurements In air at room temperature, mis isaconvcnicntandhandyway of measurement. 
Such way of measurement will be described in the present Example 3. 

[0127] A unit Cell according to the present Example 3 Was made In a rminnar similar lo Ihal in Example 2, using a 
carbon cloth and electrically conductive separator plates having grooves, for gas flow, each having a groove width of 

so 0 8 mm and a groove depth of 1 0 mm, as follows. 

[0,128] First, an electrically conductive separator plate as shown by the separator plate dasiqnalBd by reference 
numeral 502 in I IG. 5 was prepared, which had a front surfaco asshown in FIG 3A with a cooling water flow channel 
and a rear surface as shown in FIG, 3D with a fuel gas flow channel Next, a further electrically conductive separator 
plate as shown by the separator plate designated by reference numeral 504 in FIG. 5 was prepared, which had a front 

SO surface us shown in FIG, 2A with an oxidant gas (low channel and a rear surface as shown in FIG 2B with a cooling 
water flow channel. Between these two separator plates, an MEA made of a polymer electrolyte membrane as shown 
by the membrane designated by reference numeral 541 In FIG. 5 and as shown in FIG. 4 and of electrodes as shown 
by 540a, 540b in FIG. 5 was sandwiched so that the respective gas flow channels of the separator plates contacted 

the mspnc-livn nlnrt.rndfut. 

30 [0129] The thus made unit cell was sandwiched between two rigid insulating plates having planar major surfaces, 
This sandwich assembly of the unit coll and tha insulating plates was sandwiched by a pinna having two opposing and 
planar pressing surfaces, aa that tha pressing surfaces contacted the insulating plaloe, Further, Iwo electric leads were 
allached lo .he respective separator plalcs for applying a voltage to the unit cell, 

[0130] Using the press, a pressure or tightening pressure of 6 kgffcm 2 of contact area between electrode and sep- 
■ss uralorplale was applied lo Ihe sandwich assembly. Further, acon3lant DC voltagB of 0.2 V was applied to thB unit call, 
and tha shcrt-oircuit conductivity of tho unit cell, namely MEA, was measured FIG. 13 show6 the results of such 
measurements having been conducted at room temperature in air having a humidity of 24%. In FIG. 13, Id designates 
a characteristic euive of current density and Cs designates a characteristic curve ol shorl-circuit conduciiviiy. 
[0131] l or measuring Iha short-circuit conductivity Ca, it is necessary to separate the DC resistance component, 
40 being based on electronic conductivity, from Ionic conductivity of the polymer electrolyte membrane, thereby extracting 
only the DC resistance component. Such separation becomes possible by applying a DC voltage or a DC current to 
the electrolyte membrane for a sufficient lirne fur Ihe following reason. By thB application ol such DC vollage or DC 
current, the Ionic conductor starts Its polarization, which continues for a long tlmo to ond. Accordingly, an Infinite time 
is needed Ideally. However, from a practical point of view, the current or voltage attributed to the ionic conductivity 
4S becomes negligibly low when sufficient lime passes after Ihe Hpplicalion ol Ihe DC voltage or Ihe DC currant. Conse- 
quanlly, tha DC resistance component attributed to tha ionic conductivity becomes negligibly low then. FIG. 19 indicates 
such phenomenon. 

[0132] Accordingly, dividing the applied constant DC voltage by the currenl value measured sufficiently after the 
application of tho DC voltage, tho resistance valuo attributed to tho DC resistance component alone can be obtained, 

so By Inverting the resistance value, the short-circuit conductivity can be obtained. Here, in ordcrto minimize the influence 
of tho ionic conductivity of tho polymer aleotrolyto membrane, it ia preferable to piece the electrolyte membrane under 
a condition, where the eleolrolyLe membrane hardly exhibits its ionic conductivity, which is a dry atmosphere. This is 
why the measurements were conducted at a humidity of 24% as described above, wherein actually the stack assembly 
was placed In a thermo-hyejroatat chamber. 

55 [0133] I he application of a DC voltage of 0 2 V to the unit cell according to the present Example for measuring the 
current value and short-elrcuit conductivity was conducted 20 times. As a result, similar results were obtained with 
pood reproducibility. Since IhB decay curves of the currenl value and short-circuit conductivity with respect to time 
decays logarithmically, those values measured longer after the application of the DC voltage Indicate more Intrinsic 
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short-circuit conductivities. However, for the purpose of efficiently conducting lhe measurements, sufficient time at 
which the* measurements should be conducted has been found to be When the gradient of each decay curve becomes 
■0.0025 or lower I his is based on a study as to the reproducibility of the relation between the gradient of the current 
value docay curve at a certain time point and Ihe short-circuit conductivity obtained by calculation, from the current 
s value at the certain time point. According to the present Examples, It was about 1 minute alter the application uf the 
DC voltage, when lire gradient of the current value decay curve became -0,0025 or lower. 

EXAMPLE 4 

10 [0134] According to the present Example, 11 fuel eel's of iwo-cBll-siackBd type made in a maimer similar to that In 
Example 2 were prepared. 

[0.135J At each ol Lhe four tightening members at the four corners of each fuel coll, a tightening load selected from 
the range of 100 kg to 1 ton was evenly applied, thereby applying therein a total load selected from 400 kg to 4 tons, 
after which measurements of short circuit conductivity and hydrogen leak current were conducted as to each (uel cell. 

T5 The lightening pressures were so selected as to Obtain targeted short-circuit conductivities. 

[013C] For example, to one of tha 11 fuel cells, a lolal Lightening, load was so adjusted or selected from the range Of 
400 kg to 4 tons that the ehort-olrcu.lt conductivity measured in a manner as described in Example 2 above became 
O.i! mS/cm 2 . Likewise, to the other 10 fuel cells, total tightening loads selected from the range nf 400 kg to 4 tons were 
respectively applied, such that Lhe resultant shbri-circuit conductivities measured in a manner described In Example 

20 2 became 0 4, 0.6, 0.8,1.0, 1 .2, 1 .4, 1 .5, 1 .6, 1 .B and ?.0 mS/cm 2 , rBspBCtively, 

[01371 These 11 fuel cells were subjected to measurements of continuous power generation, namely durability test, 
under condition? the sHme (a thuae iii Example 2 with a fuel utilization rate of 80%, an oxygon Utilization rata of 40% 
and an electric current density ol 0.3 A/cm 2 , 

[0138] As a result, It was found that the fuel cells having initial short-circuit conriucliviliras nf U A 0.4, 0 6 and 0 8 mS/ 
ss cm 2 showed ym>d durnbllity, showing average cell voltage deterioration rates of 1 mV/1000 h In a continuous power 
generation of 10,000 hours. Further, their short-circuit conductivities and hydrogen look currents were unchanged from 
the corresponding Initial vqIucg, after the 1 0,000 hour power generation. 

[Q139] The fuel cell having an Initial short-circuit conductivity of 1.0 mS/cm 2 showed good durability, showing average 
r.e|| voltage deterioration rale of 1 .5 mV/1000 h in a continuous power generation of 10,000 hours Further, its shorl- 
00 circuit conductivity and hydrogen lR*k current viaie unuli«nij»d from the cui 'responding initial values, after tho 10,000 
hour power generation. 

[0140] Further, tho (ucl cells having initial ahurt-olrcult conductivities of 1 ,2, 1,4 and 1.5 mStan 2 showed gooddura- 
blllty to some extent In a continuous powsr generation or 10,000 hours, showing average cell voltage deterioration 
rates of 2,5 mV/1000 h. Further, when their short-circuit conrtuctivilieK and hydrogen leak currents were measured 

m after Lhe 1 0.000 hour power generation, their hydrogen leak currents were unchanged from the corresponding initial 
values, but their short-circuit conductivities were greater, by about 20%, than the corresponding Initial values. 
[0141 J On the other hand, the fuel cell having an initial short-circuit conductivity of 1 .6 mS/crrr 7 showed average coll 
voltage deterioration rate of 7 mV/1000 h up to 5000 hours afterttie start of the power generation, but stalled showing 
abrupt decrease ol the cell voltage at about 6000 hours after the start of the power generation, and soon the cell voltage 

40 decreased to such level a« to be impossible to continue its power generation any fuither, Similarly, tho fuel cell having 
an initial short-circuit conductivity of 1 .8 mS/cm 2 showed average call vollaga deterioration rule uf 18 mV/1000 h up 
to 2000 hours after the start of tho power generation, but at about 3000 hours after the etart of the power generation, 
the cell voltage decreased la such level as to be Impossible to continue its power generation any further. 
[01421 Lastly, tho fuel cell having an Initial short-circuit conductivity of 2.0 mStem 2 showed average cell voltage 
daioriomtioii rats of 120 mV/1000 h up to 800 hours after the start of the continuous test, but at about 1 000 hours after 
the atari oi the power generation, lhe cell voltage decreased to such level as to be Impossible to continue Its power 
generation any further, 

[0143] Furthermore, the short-circuit conductivities and the hydrogen leak currents or the fuel cells having initial 
short-circuit conductivities nf 1.fi, 1 H and J>.0 mS/cm 2 were measured after the continuous power generation meas- 
so urements, It was found therefrom that the short-circuit conductivities *nd the hydrogen l H »k currents of such fuel cells 
increased by about 2 digits from their Initial levels. 

EXAMPLE 5 

55 [0144] According to the present example, 9 fuel cells of two-cell-stacked type made in a manner similar to that in 
Example 2 wore prepared, 

[014S] At each of the four tightening members at the four corners of each fuel cell, a tightening load selected from 
the range of I no kg to 1 ion was evenly applied, thereby applying thereto a total load selected from 400 kg to 4 tons, 
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after which measurements of short circuit conductivity and hydrogen leak current were conducted as to each fuel coil. 
The lightening pressures were so selecLed as Ld obtain targeted hydrogen leak currenl values. 
[0146] For example, to one of the 9 fuel colls, a total tightening load was sr> adjusted or selected from Ihe range ol 
400 kg to 4 tons that the hydrogen leak current measured In a manner as described In Example 2 above became 1 .2 
s mA/cirrr". I jkewi^e, lu IIih other 8 futil cells, total tightening loads selected from the range of 400 kg to 4 tons were 
respectively applied, such thai the resultant hydrogen leak current values measured in a manner described in Example 
2 became 1 .6, 2.0, 2.4, 2.8, 3.0, 3.2, 3.6 and 4.0 mA/cm 2 , respectively. 

[0147] These P. fuel calls were subjected to measurements of continuous power generation, namely durability test, 
under conditions the same as those in Example 2 with a fuel utilisation rate ol 80%, an oxygen utilization rule of 40% 
io and an electric current density of 0,3 A/cm 2 . 

[0148] As a result, it whs found that the fuel cells having initial hydrogen leak currents of 1 .2, 1 .6 arid 2.0 mA/cm 3 
showed good durability, showing average celt voltage deterioration rates of 1 mV/1000 h in a continuous power gen- 
eration of 10,000 hours. Further, their short-circuit conductivities and hydrogen leak currents were unchanged from 

the corresponding initial values, after the 10,000 hour power jjeiietallon. 
13 [0149] The fuel cell having an initial hydrogen leak current of 7 A mA/cm 2 showed good durability, showing averagB 
cell voltage deterioration rate of 1,5 mV/1000 h In a continuous power generation of 10,000 hours. Further, Its short- 
circuit conductivity and hydrogen leak current were unchanged from the corresponding initial values, after the 10.D00 
hour power generation. 

[0150] Further, the fuel colls having Initial hydrogen leak currents of 2,8 and 3.0 mA/cm 2 showed good durability to 
«> some extent in a continuous power generation of 10,000 hours, showing average coll voltage deterioration rates of 2,5 
mV/1000 h. Further, when ihelr short-circuit conductivities and hydrogen leak currents weie measured after the 10,000 
hour power generation, thair hydrogen leak currents were unchanged from tha corrosponding initial values, but Iheir 
short-circuit conductivities were greater, by about 20%, than the corresponding Initial values. 

[0151] On the other hand, the fuel cell having an Initial hydrogen leak current of 3.2 mA/cm 2 showed average cell 
■ ?fi voltage deterioration rate of 7 mV/1000 h up to 5000 hours after the start ot the power generation, bul started showiny 
abrupt decrease of the cell voltage at about 6000 hours after the start of the power generation, and soon thecsll voltage 
decreased to such level as to be Impossible to continue Its power generation any further. Similarly, the fuel cell having 
on initial hydrogen leak current of a.B mA/cm 2 showed average cell voltage deterioration rata of 18 mV/1000 h up to 

2000 hour", al or Iho start ol Iho power generation, hn' at about 300O hniirr. allftr Ihe nlarl ol the power rjenernlion, Ihn 

ao cell voltage decreased to such level as to be Impossible to continue Its power generation any further. 

[0152} Lastly, tha fuel cell having an in itial hydr ogen leak current of 4.0 mA/cm 2 showed average call voltage dete- 
rioration rain ol 120 mV/mno h up In aoo hours Hilar th» start of the continuous lust, but ataboullOOO hours after tha 
start of Iho power generation, the cell voltage decreased to such level as to bo impossible to continue its power gen- 
eration any further. 

33 [0153] Furthermore, the short-circuit conductivities Hnd the hydrogen leak currents ol the tuel cells having initial 
hydrogen leak currents of 3.2, 3.6 and 4.0 mA/cm z were measured after the continuous power generation measure- 
ments. It was found therefrom that the short circuit conductivities and the hydrogen leek currents of such fuel cells 
Increased by abuut 2 digits from their initial levels. 

[0154] It r to he noted that the hydrogen leak currents can a so be measured, e.g., hy using well-known cyclic 
■to voltammetry (CV) other than the above-described manner. The following method of measurement Is a specific example 
of 9uch cyclic voltammetry. Hydrogen gas humidified and heated to have a dew point of 68.5-C is supplied to the fuel 
electrode ol the MEA of the Tuel cell, and nitrogen humidilied and healed to have a dew point of A)"C la supplied to 
the oxidant electrode of the fuel cell. Such gas supply Is continued until the pre existing gases at the electrodes are 
sufficiently displaced by the hydrogen gas and nitrogen gas. Thereafter, the oxidant electrode having been supplied 
''6 with nilrogen is swept from Ihe equilibrium potential to +1.0 V by h sweeping rale of SO mV/s under Ihe single sweep 
operation, with the fuel electrode having been supplied with hydrogen being used as a reference electrode, thereby 
conducting the CV measurement. Dividing the thus measured leak current value by the area of the electrodo, the 
hydrogen leak currant per area of the electrode can be obtained. 

go EXAMPLE 6 

[0166] In a manner similar to lhal in hxamplo 2, Iwo-ccll-elackcd fuel colte according to the proscnl Example 6 were 
made, except that here the groove widths and the groove depths of used electrically conductive separator plates were 
varied, with Ihe rib width between neighboring gas groove branches being unchanped and fixed al 1 0 mm 
w [0156] More specifically, 8 Kinds of separator plate groups were made, varying the groove widths of gas flow channels 
between 0.6 and 2.0 mm, and the groove depths between 0.2 and 1 .1 mm as listed in the following Table 1 , such that 
tha gas flow velocity in each gas flow channel was maintained subslanlially constant. For realizing Ihe constant gas 
flow velocity, the number of groove branches of each gas flow channel was also adjusted Using these 8 groups of 
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separator plates, 6 fuel cells were made In a manner similar to that according to Example 2 These S fuel cells are 
listed in Tabic -1 by Fuel Cell Numbers 1 to 6, respectively. 



I'-'ud Cell Number 




2 


3 


4 


5 




7 


8 


Groove width of gas flow channel (mm) 


0.5 


0.8 


0.8 


1.0 


1.0 


1.0 


1.2 


2.0 


Groove depth of gas flow channel (mm) 


1.1 


1.1 


1.0 


1.0 


0.3 


0.2 


0.5 


0.2 



[01 S7] Various tightening pressures between 2 kgf/cm 2 and 20 kgj/cm a of contact area between electrode and sep- 
arator plale were applied to the cell slack of each of [he 8 fuel cells. More specifically, (irsl, a Lightening pressure of 2 
kgf/cm 2 of contact area between electrode and separator plate was applied to the cell stack, and was subjected to 
measurements of power generation performance, short-circuit conductivity and hydrogen leak current. Thereafter, the 
lightening pleasure was increased lo a nexl one, Hr;d the same measurements as lor the lightening pressure of 2 kgf/ 
cm 2 above were conducted, A combination nf such increase of tightening pressure and measurements at the increased 
tightening pressure was repeated. 

[0158] It was found therefrom that the short-circuit conductivity started increasing when the applied tightening prcs 
sure exceeded 8 kgf/cm 2 of contact area between electrode and separator plate, indicating that micro short-circuits 
started being generated at such tightening pressure exceeding 8 kgf/cm 2 of contact area between electrode and sep- 
arator plate, However, the hydrogen lank currant did not show any significant variation, and was substantially constant 
In the mnge nf Ihe experimented lightening prasaurfm, without depending on Ihe lightening preRRuraR. From these 
results, it has been lound that Ihe lightening pressure needs lo be not greater lhan about 8 kgl/cm* dI contact area 
between electrode and separator plate for the purpose of suppressing the generation of micro short-circuits. 

[0159] N»nt, 8 of such two-CHll-Htfii;kMd fuel culls ftcuuidlng lo the praKmit TxHlnplu Whih again piupMred. To tlmsB 
fuel cells, tightening pressures ol 6 kgf/cm 2 ol contact area between electrode and separator plale were applied. Then, 
these fuel cells were subjected to q power generation test, namely, measurements of Initial power generation as follows, 
For measuring the power generation performance of such fuel cells, each such fuel cell was kept at 70°C, wherein a 
hydrogen-conlaining gas consisting of 80% hydrogen, ?0 % carhnn riinxirie gas and 1 0 ppm carbon monoxide gas and 
being humidified and heated to have a dew point of gb G"C was supplied to the fuel electrode, and air humidified and 
heated to have a dew point also of 70"C was supplied to the oxidant electrode of the fuel cell. The measurements were 
conducled under conditions of a fuel utilization rate ol B0%, an oxygen utili?ation ralo of 40% and an electric current 
density of 0.3 A/cm 2 . 

[0160] As a result, all Fuel Coll Numbers 1 to 8 showed good open-circuit voltage of 0.980 to 0.985 V. By the power 
generation test, Fuel Cell Numbers 3 to 5 showed good cell voltages between U.73 and 0.74 V, wheieaa the other Fuel 
Call Numbers 1,2.6, / and B showed worsB cell voltages lower lhan 0.7 V. Reasons for such worsB cell voltages are 
coneldorod to be because, In tho caeo of Fuel Coll Numbers 1 and 2, the groove widths wcro too email relative to the 
rib width, so that the total area of each electrode facing and corresponding to the gas flow groove was too small. 
Further, in the case of Fuel Cell Numbers / and a, the reasons for such worse cell voltages are considered tu be 
because the contact area between the electrode and the ribs separating or defining thB gas communication grooves 
or gas flow channel was too small, resulting In too high contact resistance therebetween, whllo In tho case of Fuel Coll 
Number 8, the groove depth of the gas flow channel was too small, resulting in impairment of gas supply to the groove 
or Lhe gas flow channel. 

EXAMPLE 7 

[0161] First, 100 sheets of ME As were made in a manner similar to that In Example 2. 

[01 62] The short-circuit conductivity of one of the MEAs was measu red In the following man ner. This will be described 
with reference rn FIG fl Referring tn FIG. H, an MEA Rfi was sandwiched between rwn current collecting plate* nn 
each made of a 5 mm thick copper plate having gold plating on each surface thereof, thereby forming a sandwich 
assembly, which was placed to be flat horizontally, so that the weight of one current collecting plate on the MEA was 
the weight applied to lha MLA. I his sandwich assembly of the MEA with the current collecling plates was placed in a 
thermo-hygrostat chamber at a temperature of 2G"C and humidity of 30%. Then, a constant DC voltage of 0.2 V was 
applied between the current collecting plates, whereby the variation, with time, of the current value was measured. 
Trom tho current value, the short-circuit conductivity nf the MEA was obtained by calculation, The result of the meas- 
urement Is shov/n in FIG. 14, which is a graph showing the relation of tho current density In and tho short-circuit 
conductivity Cs to time. Since the gradient of the decay curve of the current value, namely current density, was -0.022 
at a lima point of 1 minute Hilar the application of Ihe DC vollagB, Ihe Rhnrl-clrcuil conductivity was obtained, by cal- 
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dilation from the current value measured at such one minute point. 

[0169] Next, using the above 1oo MEAs, loo unit cells were made In a manner similar to that In Example 0. That Is, 
each such unit cell had such « structure that with reference to FIG. 5, each MEA was sandwiched between an electrically 
conductive separator plate as shown by reference numeral 502 and a furlhnr nlHclncHlly conductive separator plate 

5 as shown by reference numeral 504. Using each of the 100 unit cells ae well as two Insulating plates, a press and two 
electric lends as used in Example 3, tna short-circuit conductivity of each such MEA was measured In a manner Similar 
to that in Example 3 As h result, out of the 100 unit colls or MbAs, 70 o| Ihona Rhnwud nhnrl-ciroiiil conduclivlliBa ol 

0.5 mS/cm 2 or lower, while 15 of those showed short circuit conductivities greater than 0,5 but not greater than 1 .0 
mS/cm". On the other hand, 10 of Lhs remaining 15 unit cells showed short-circuit conductivities greater than 1 .0 but 
i° not greater than 1 .5 mS/cm 8 , while the remaining 5 showed short-circuit conduciiviiias grsaLar ihan 1 .5 mS/cm 2 . 

[01641 In a manner as Will bo described below, a 1 00 cell-stacked cell stack was made, such that the MEAs were 
sLackedin the order of the short-circuit conductivity of the MEAs, and that one cooling unit was provided for every unit 
cell I lere, the unit cell having the lowest short-circuit conductivity was relarred lo as Call No 1 , whilB thai having the 
highest short circuit conductivity was referred to as Coll No. 100. 

[0163] Fiiai, uu electr ically conductive separator plate, such as shown by r eference numeral 601 in FIG. 5, having 
a planar front surface (lafl side in the cross-sBdionHl view) and a cooling water channel at a rear surface thereof was 
prepared as a leftmost separator plate. On the rear surface of the leftmost separator plate, the unit cell of Cell No 1 
was placed In a manner that one surface of one separator plate of Cell No. 1 as shown In FIG. 3A having a cooling 

water Mow channel contacted Ihe rear surface ol the leftmost aepmtilor plate. Next, on the rear surface Of the Other 
so separator plate of Call No. 1 as shown in FIG. ?fi having a cooling water How channel, Ihe unil cbII or Cell No. 2 WH3 
placed in a manner that one surface of Cell No. 2 as shown In FIG 3A having a cooling water flow channel contacted 
the rear aurtaoe of the other separator plate of Cell No. 1 as shown in FIG. 2B In the Game manner, each Unit cell 
having a Cell number greater by one than that of each already placed milt cell was placed, and this process was 
repeated to the last unit ceil of ceil No.ioo 
2Z [0166] As a rightmost separator plate, an electrically conductive separator plate such as Shown by reference numeral 
605 in FIG. 6, having a planar rear euifnee (right aide in the eroflft-aao.tional view) and a cooling water channel at a 
front surface thereof was prepared. This rightmost eoparator plate was placed on Ihn unit ™U of Csli Nn. 1 on in a 
manner that the front surface of the right most separator plate contacted the outer surface ol the unit cell of Coll No. 
100 as shown in FIG. 2B having a cooling water flow channel, thereby forming a cell stack of 100 cells. 
■30 [01 G7] It is lo hH noted here Ihxt in forming Ihe above cull stack, G-riiig-like sealing members, such as shown by 
reference numerals 527, 537, 547 and 557 in FIG. 5, were placed on the surfaces of each pair ol neighboring separator 
plates facing each other, bo that pairs of 0-rlnu-llke sealing members laced each other, Each of these pairs of O ring 
like* sealing members were so arranged lhal IhBy wars finally pressed lo each other directly ul indirectly via MtA, 
thereby sealing the oxidant gas. fuel gas and cooling water Thsrehy. a 1 m cell-Rtackart coll stack was produced having 

6 u pair of cooling water units provided at the two ends thereof, and also having a cooling water unit for every unit cell. 
The thus made unit cell was sandwiched between two current collecting plates, and further sandwiched between two 
rigid Insulating plates, thereby forming a fuel cell test unit. This fuel coll tost unit was sandwiched by a pross having 
two opposing and planar pressing surfaces, so that the pressing surfaces contacted the respective Insulating plates. 
By the press, a pressure, corresponding to the tightening pressure, of 6 kgf/cm 2 of contact area between electrode 

40 and separator plata was applied lo Ihe fuel cell le3l unil. Also, eleclric leads were attached to all Ihe separator pi tiles, 
thereby enabling measurements ot cell voltages of respective unit colls at any time during lha power generation test 
as will be described below. 

[01G8] The Ihus prepared fuel test unit was kept at 70°C, wherein a steam-refomied methane ga3 humidified and 
heated to have a dew point of 68 5'C was supplied to the fuel electrode, and air humidilied and hBaled to have a dew 
point also of 70°C was supplied to the oxidant electrode of the fuel cell. As a result, the fuel cell test unit showed an 
open-circuit voltage of 97.4 V, averaging 0 97 V par unit coll, under no load. 

[0169] This fuel cell loel unil was Ihon subjected to a continuous power generation (Bat under eundilit>nn uf a fuel 
utilization rate of 80%, an oxygen utilization rate of 40% and an electric current density of 0,3 A/cm 2 , The initial voltage 
generated hy the fuel cell test unit, as measured, was 72. a V, averaging 0.726 V per unit cell. 

*o [0170] At a time point of about 0500 hours after the start of Ihe power generation, Ihe cell vollages of Ihe 0 unit cells 
from Cell No. OS to Cell No. 100, each of which had an initial short circuit conductivity grcatcrthan 1.5 mS/cm 2 , started 
abruptly decreasing. About 200 hours after Ihe atari of the abrupt decrease, the averaue cell voltage of these five unit 
ceils decreased to a voltage of 0.4 V or lower. Then, the power generation test of ihe fuel cell lest unil was temporarily 
stopped. The open circuit voltage then was as low as 96.8 V. averaging 0.96 V por unit coll. 

*« [0171) Thus, the 100 cell-3tnckad fuel cell test unit whs then released from lightening, and the live unil cells Irom 
Coll No. 9G to 1 00 were removed. By disassembling and observing the five unit cells, it was [ound that all the polymer 
electrolyte membranes in MEAs of the five unit cells had holes generated during the power generation test 
[01 72] the remaining 95 unit cells were re-assembled and re-tightened at the same pressure, corresponding to the 
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tightening pressure, of 6 kgf/em 2 of contact area, to a 95 cell-stacked fuel cell test unit. Such fuel cell test unit was 
again subjected to a power generation leal under the same conditions B3 described above. 
[0173] At a time point of about 18,000 hours after the first start of the power generation including the 5500 hours, 
the cell voltages of the 1 0 unit cells from Cell No. B6 to Coll No. 95, each of which had an initial short circuit conductivity 
s yreHi.ni than 1 i) «mi mil yrenUir i.Iihm 1 .b mSA.-tn 2 , -slurlml Hhruptly iJei.-ieHyiny, About 20n huurn H (iei ihe start of i\m 
abrupt decrease, the average cell voltage of these five unit cells decreased to a voltage of 0.4 V or lower, then, the 
power {feneration test of the fuel cell test Unit was temporarily stopped. The open-circuit voltafje then Was 6s low as 
91 .4 V, averaging 0.982 V par unit cell. 

[0174] Thus, the .95 cell-stacked fuel cell lost unit was then released from tightening, and the ten unit cells Irom Cell 

"J No. 86 to 95 were removed. By disassembling and observing the ten unit cells, It was found that all the polymer elec- 
trolyte membranes in MEAs of lha Ian unil calls hud holes generated during lha power genaralion test 
[0175] The remaining as unit calls warn m-afififlmblod and re-tightened w e. 85 cell-stacked fuel call test unit. Such 
fuel cell test unit was again subjected to a power generation test under the same conditions as described above. 
[0176] Al a lime point ol about 23,000 hours after the first slarl o! Lhe power generation including the 1B,000 hours, 

is the cell voltages of the 15 unit cells frnm Cell No. 71 toCellNo. 85, each of which had an Initial short-circuit conductivity 
greater than 0.5 and not greater than 1 ,0 mS/cm 2 , started abruptly decreasing, About 200 hours after the start of the 
abr upt decrease, the average eel! voltage of those 15 unit cells decreased to a voltage of 0,4 V or lower. Then, the 
powar genBrHtion Lest ol lhe lual call teal unil whs iBmporHrily slopped, lhe open-circuil vollHga than Wfi3 hs luw hs 
80.9 V, averaging 0 952 V per unit cell. 

no [0177] Thus, the 85 cell-stacked fuel coll test unit was then released from tightening, and the fifteen unit colls from 
Call No. f\ to ab were removed. By disassembling Hnd observing lha fiflBen unit calls, il whs found thrall the pDlyrner 
electrolyte membranes in ME As of the fifteen unit cells had holes generated during the power generation test. 
[0178] The remaining 70 unit cells were re-assembled and re-tlghtencd to a 70 cell-stacked fuel cell test unit. Such 
fuel cell test unit was again subjected to a power generation test under the same conditions as described above. 

™ [0179] At a time point of about 30,000 hours after the first start of the power generation including tha 23,000 hours, 
the 70 unit cells from Cell No. 1 to Cell No. 70, each of which had an initial short-circuit conductivity not greater than 
0.5 mS/cm 2 , still had an overage cell Voltaic not lower than O./ V, and had an open circuit voltaoc as low as 67. 9 V, 

averaging n.HrtJ V per unit call. 

[0180] As evident from the results ol the test according to the present Example 7, it has been found thai (ucl cells 
30 having short lives for power generation operation con be predicted or estimated by measuring Initial short circuit con- 
ductivities of Mf"As befor e fuel call Assembly. More specifically, fu«| cells having power generation lives shorter than 
about 10,000 hours can be avoided by a method of manufacturing a luol coll or an inspection method fr>r a fuel cell, 

in which only MEAs havlhg short-circuit conductivities of not greater than about 1.5 mS/cm 2 arc used, i.e. I n which 
MEAs having short-circuit conductivities of greater than about 1 .5 rnS/otn 2 (or unit cells having such MEAs ot cell stack 
3* (s) having such unit cells) are inspected and removad before fuel cell assembly. It has also been found from the above 
results that by using only MEAs having short-circuit conductivities of not greater than about 0.5 mS/cm 2 . fuel cells 
having longer power generation lives, such as 30,000 hours or longer, can be expected. 

EXAWPI. Ffl 

40 

[0181] In a manner similar to Examples 1 and 2, MEAs according to the present Example were made, except that 
hare the carbon paper used in Example 1 was replaced by a carbon non-WDven labric, and lhal Lhe carbon non-woven 
fabrics and the carbon cloths for the gas diffusion layers were preliminarily subjected to surface smoothing treatment 
as will be described below. 

45 [0182] In the case of the carbon non-woven labric fuzzy micro fibers of carbon on the surface ol the carbon non- 

woven fabric were removed by flame treatment, i.e. , applying a burning flame to the surface thereof, thereby smoothing 
the surface of the oarboh noh-wovon fabric. 

[0183] In the c-aaa of tha carbon cloths, tha following three kinds of treatments ware respectively conducted for the 
surface smoothing. 

so [0164] According to one treatment, each carbon cloth was pressed at both surfaces thereof by a press at a pressure 
of So kgf/t-m 2 for 5 minutes. 

[0186] According to another treatment, each carbon cloth was subjected to hot pressing at a temperature of 150°C 
and a pressure of 30 kgf/cm 2 for 5 minutes, As a reference, the Influence of the variation of the hot pressing temperature 
on the resultant MFiAs was examined in a temperature range between 120"C and 1S0"C, whereby no significant dif- 
55 fcrcncc was found in such temperature range. 

[01 86] According to the third treatment, each carbon cloth was first subjected to the same hot pressing as described 
above and thereafter flame treated as used for tha carbon non-woven fabric. 

[0187] Uslngthe above-described one treatment for carbon non-woven fabric, andthreetrcatmentsforcarboncloths, 
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25 MEAs wars mads for each ol the four treatments, thBraby making 100 MEAs in total. 

[0188] In amanner similar to that employed m Example 7 described with reference to FlO.fi, each of thethus prepared 
MEAs wbs sandwiched between two current collecting plates each made of a 5 mm thick copper plate having gold 
plating on each surface thereof, thereby farming n sandwich wssHmbly, which Whs placed to be hori7ontnlly flat, so that 
the weight of one current collecting plats on the MCA was the weight applied to the MEA This sandwich assembly ol 
tho MEA with the current collecting, plates was placed in a ihertno-hygrostat chamber at a temperature of 25"C and 
humidity ol 30%. I hen, « constant DC voltage nt O.P V whb applied between the current aullactiiiy plntea, whereby tho 
variation, with time, of the current value was measured. From the current value, the short-circuit conductivity ol the 
MEA Whs obtained by calculation. 

[0189] It was found therefrom Ihal all 100 MEAs had short-circuit conduclivities not greater than 0.5 mS/cm 2 . Among 

them, Inter alia, all 25 MtiAS using carbon non-woven fabrics subjected to the flame treatment had short-circuit con- 
ductivities not greater than 0.2 mS/cm 2 . 

[019QJ All ?5 Ml- As using I ha carbon cloths subjected to the press had shoil-circuil conductivities ol not yieaterthan 
0.5 mS/cm 2 , Furthor, all 25 MEAs using the carbon cloths subjected tn hot pressing had short-circuit conductivities of 
not greater than 0.3 mS/cm 2 . Lastly, all 25 MEAs using the carbon cloths subjected to hot pressing and thereafter to 
llama treatment hud short-circuit conductivities! of not greater than 0.2 mS/cm 2 . 

[0191] Naxt, in order to study whether water repellency treatment to be provided to the gas diffusion layers is affected 
by the preliminary surface smoothing treatment, two comparative experiments were conducted. That is, in one of the 
experiments, the surface treatment was conducted before the water repellency treatment, whereas in the other exper- 
iment, lhe surface treatment was conducted Hilar ths wtdler rapBllBncy treatment. II was found therefrom that good 
effects by the surface smoothing treatment were obtained In both treatments without showing a significant difference 
of the effects obtained by the two surface treatments, although a little better result was- obtained by the surface treatment 
conducted befor e the water repellent treatment than that conducted after the water repellent treatment from the view- 
point ot the resultant water repellency 

[0192] Hereinbefore, the effects according to the present Invention have beer, described with reference to Examples. 
It is to ha noted hare that in soma of the above Examples, short-circuit conductivities attributed to micro short-circuits 
in MEAs snd hydrogen leak currant* of MFAn wara nblHinad hy applying h uunatent DC voltage of not greater than 
0.5 V, thereby measuring steady-state currents thereof, and by conversion calculalion Irom such measured steady- 
state currents. However, according to separate experiments using an application of a constant DC current of not greater 
I haii a' tiiA/cm 2 tu aach MEA, thereby measuring steady-state voltage, it was confirmed that similar short-circuit con- 
ductivities and hydrogen leak ourrcnls of MEAs could be obtained with good reproducibility as well. 
[0193] The constant voltages and constant currents to be applied to each MEA arc preferred to bo as low and as 
small hs possible, for the purpose ol preventing electrode catalyst material of each MEA from being oxidized. However, 
If the applied voltage Is ton low, or the applied current is too small, the resultant steady-stare currenl or steady-stale 
voltage becomes too smaller low. From the viewpoint of resolving powers of commercially available measuring equip- 
ment, it was confirmed that highly reproducible results could be obtained with the application of constant DC voltage 
of about 0.2 V or constant DC currant of about 2 mA/cm 2 . Further, il has also been confirmed that even with a greater 
constant DC voltage, but not greater than about 0.5 V, or a greater constant DC current, but not greater than about 5 
mA/om 2 , which allows commercially available measuring equipment to conduct highly reproducible results, tho MEAs 
are not affected with respect la their oxidation. 

[0194] As evident trom the foregoing descriplions, according lo a polymer Blsclroryle fuBl cell of the present invention, 
the durability of tho fuel cell can bo very significantly Improved In a manner: that a tightening pressure of about a to 1 
kgt/crn 3 ot area of electrode Is used; or that a tightening pressure of about 4 to 8 kgf/cm 2 of contact area between 
electrode and separator plate is usad; or thai lhe short-circuit conductivity allribuled lo DC resistance component 
between the fuel electrode and the oxidant electrode of each unit cell, namely MEA, Is made not to exceed a prede- 
termined value such as about 1 .5 mS/cm 2 ; or that the hydrogen leak current per area of electrode of each MEA Is 
made not lo exceed h predetermined value auch as ribout 3 mA/crn? 

[0195] Further, by a method of manufacturing or an inspection method lor a polymer electrolyte fuel cell according 
to the present invention, fuel cells having high durability can be efficiently manufactured In such manner as to remove 
such MEAs or unit cbIIs using such MEA* or *uc-.h call ?(*c.k(s) thai have Khnrl-r.irt-.uil c-.nnduc.livitiBs excsadirig a pre- 
determined value such as about 1 ,5 mS/cm 5 , or that have hydrogen leak current values exceeding a predetermined 
value such as aboul 3 rnA/cm 2 . 

[0196] Although the present invanlion has bean described in tBrms of the presently preferred smbodlments, it is lo 
be understood that such disclosure Is not to be Interpreted as limiting. Various alterations and modifications will no 
doubl become appHrenl lo Ihose skilled in the url lo which the present invention perluiris, after having read the above 
disclosure. Accordingly, it is intended lhat lhe appended claims be inlerprelad as covaring all alleralions and modifi- 
cations as fall within the true spirit and scope of the Invention. 
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Claims 

1 . A polymer electrolyte fuel cell comprising a cell stack having a plurality of unit cells tightened In a stacking direction 
ol tho stack, aach unit cell comprising: an aluclrolyle rnKmbrnn»-sl«clrcjd» HssHrnbly cumpriaing a hydrogen ion 
conductive polymer electrolyte membrane and first and second electrodes respectively placed on opposite major 
surfaces of the electrolyte membrane, each of the electrodes comprising a gas diffusion layer and a catalyst layer; 
a firet electrically conductive separator plate contacting the lire! eleclrode and having » first gaa flow channel for 
supplying and exhausting a fuel gas to and from the first electrode; and a second electrically conductive separator 
plate contacting the second electrode and having a second gas flow channel for supplying and exhausting an 
oxidant gas to and from the second olacl mda, wherein each of Ihe electrodes is provided wiLh a lightening pressure 
ot about 2 to 4 kgf/cm 2 of area of each of the electrodes. 

2. A polymer electrolyte fual call comprising a cell slack hnvng a plurality ol unil calls tightened In a slacking direction 
of tho stack, each unit coll comprising: an electrolyte membrane-electrode assembly comprising a hydrogen ion 
conductive polymer electrolyte membrane and first and second electrodes respectively placed on opposite major 
surfaces of Ihe electrolyte membrane, each uf the electtudes comprising h gas diffusion layer and a catalyst layer; 
a first electrically conductive separator plate contacting the first electrode and having a lirst gas (low channel for 
supplying and exhausting a fuel gas to and from the first electrode; and a second electrically conductive separator 
pirate contacting the second electrode and having a Second gas flow channel for supplying and exhausting an 
oxidant gas to and (rom I he second electrode, wherein each of the electrodes is provided with a Lightening preaaure 
of about A to 8 kgf/em 2 of contact area between each of the electrodes and Its respective electrically conductive 

separator plate. 

3. The polymer electrolyte fuel cell according to claim 2, wherein each of the first and second gas Now channels has 
a groove width of about 0.8 mm to 1 mm, and a groove depth ol about 0.3 to 1 mm. 

4. The polymer clcctro ylo luo! coll according to claim 2, wherain the contact araa of each »f Ilia Bluutrodea with ira 
respective electrically conductive separator plate is equal to or greater than an area of each ol Ihe electrodes which 
is out of contact with Its respective electrically conductive separator plate. 

5. A polymer electrolyte fuel cell computing a cell stack having a plurality of unit cells tightened in attacking direction 
ol the stack, each unit cell comprising; an electrolyte membrane-electrode assembly comprising a hydrogen ion 

conduclivB polymer elaclrolyle membrane and lirst and second electrodes respectively placed on opposite major 
surfaces of the electrolyte membrane, par.hof the electrodes comprising a gas diffusion layer and a catalyst layer; 
a first electrically conductive separator plate contacting the first electrode and having a gas flow channel for sup- 
plying and exhausting a fuel gas to and from the first electrode; and a second electrically conductive separator 
plate contacting the second electrode and having a gas flow channel for supplying and exhausting an oxidant ga3 
to and from the second electrode, wherein the electrolyte membrane-electrode assembly has a short-circuit con- 
ductivity of not greater than about 1 .5 mS/em 2 . 

6. A polymer electrolyte fuel call comprising a call stack having a plurality of unit cells tightened in a slacking direction 
of tho stack, each unit cell comprising: an electrolyte membrane-electrode aeeembly comprising a hydrogen Inn 
conductive polymer electrolyte membrane and first and second electrodes respectively placed on opposite major- 
surfaces of the electrolyte membrane, each ol the electrodes comprising a gas diffusion layer and a catalyst taynr; 
a first electrically conductive separator plate contacting the first electrode and having a gas flow channel for sup- 
plying and exhausting a fuel gas to and from the first cicctrodo; and a second electrically conductive separator 
plate contacting the second el«ctrode and having a gaa flowcbannBl (n r supplying and exhausting an oxidant gaa 
to and from the second electrode, wherein each ol the unit cells comprising the electrolyte membrane-electrode 
assembly has a hydrogen leak current of not greater than about 3 mA/cm 2 . 

7. A method of manufacturing a polymer electrolyte fuel cell, comprising processes of; 

forming a plurality of unit cells; stacking ihe plurality of unit cells to form ncall aiack; and 
tightening tho coll stack In a stacking direction ot tho stack; tho process of forming the plurality of unit cells 
comprising 3tep3 of: placing, on opposite major surfaces of a hydrogen ion conducLive polymer electrolyte 
membrane, a firet and a second electrode, each electrode comprising a gas diffusion layer and a catalyst layer, 
to form an electrolyte membrane-electrode assembly; placing a first electrically conductive separator plate 
contacting the first electrode and having a first gas flow channel for supplying and exhausting a fuel gas to 
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and from the first electrode: and placing a second electrically conductive separator plate contacting thasaconcf 
electrode and having a second gas flow channel for supplying and exhausting ah oxidant gas to and from the 
second electrode; and. further comprising en inspection process comprising stew ot: measuring a short-circuit 
conductivity of each electrolyte membrane-electrode assembly and/or measuring a hydrogen leak current ot 
each unit cell; and removing sLcrt electrolyte membrane-electrode assemblies or unit cells or cell stack or cell 
stacks that hava a short -circuit conductivity exceeding a predetermined short-circuit conductivity value or have 
a hydrogen leak current exceeding a predetermined hydrogen leak current value. 

fl. The method according to claim 7, wherein the predetermined shorl-circui I conductivity value is about 1 .5 mS/crri 2 
and the predetermined hydrogen leak current value Is about 3 mA/cm 2 . 

0. The method according tu claim 7, wherein the short-circuit conductivity of each electrolyte membiarie-elcctrode 
assembly Is measured by: applying thereto a constant DC voltage to obtain a steady-state current, or applying a 
constant DC currant to obtain a steady-state voltage; and converting the steady-state current or the steady-state 
vulluyt;, by calculation, tu yield the atiurl-uiuuil conductivity. 

10. The method according to claim 9, wherein the constant DC voltage is not greater than about 0,5 v for each elec- 
trolyte memb-rano-clcctrodc assembly. 

11 . The method according to claim 9, wherein the constant DC currant Ik not greater than about 5 mA/cm 2 of electrode 
area of each electrolyte membrane-electrode assembly 

12. I he melhod according to claim 7 wherein the step ol msHsuiirig the short-circuit conductivity ol each electrolyte 
membrane-electrode assembly Is conducted by placing the first and second electrodes In a same atmosphere 
sul«ijlH<i friMM thu group consisting of on air ntmosphoiu and an inert gas atmosphere. 

13. The method according to claim 7, wherein the step of measuring the hydrogen leak current of each unit cell is 
conducted by: supplying an Inert gas to one of the electrodes and a fuel gas to another of the electrodes; applying 
to each electrolyte membrane-electrode assembly a constant DC voltage to obtain a steady-statB current or a 
constant DC current to obtain a steady-stale voltage; and converting, by calculation, a difference value obtained 
by subtracting a value corresponding to the short-circuit conductivity from a value calculated from tho steady state 
current or the steady-stale voltage to yield the hydrogen leak current. 

14. Tho method according to claim 7. wherein tho Inspection process Is performed before the process of forming the 
cell stack, 

16. Tho method according to claim 7, wherein the inspection process is performed after the process of forming the 
cell stack. 

16. A method of manufacturing a polymer electrolyte fuel cali, comprising proca33es d): 

forming a plurality of unit cells; stacking the plurality of unit colls to form a cell stack; and 

lightening the cell slHck in a slacking direction o( Ihe slack; the process of terming the plurality ot unit cells 
comprising steps of: placing, on opposite major surfaces of a hydrogen Ion conductive polymer electrolyte 
membrane, a first and a second electrode, each electrode comprising a gas diffusion layer and a catalyst layer, 
to form ah «te<itrolyt» rr»«tf*»r<irM»-electroite etmembly; placing a first electrically conductive separator plate 
contacting the first electrode and having a first gas flow channol lor supplying and exhausting a fuel gae to 
and from the first electrode; and placing a second electrically conductive separator platecontactlng tho second 

alactrnrln and having a fim'nnij yaf. flow channel for supplying and exhausting an oxidant gas to and from the 
second electrode; wherein the process of forming the plurality of unit cells further comprises, before the step 
of forming each electrolyte membrane-electrode assembly, a step of smoothing both major surfaces of each 
gas diffusion layer. 

17. An inspection method for a polymer electrolyte fuel cell comprising a cell stack having a plurality of unit cells 
tightened in a stacking direction of the stack, each unit cell comprising: an alBctrolyta membrane-electrode as- 
sembly comprising a hydrogen Ion conductive polymer electrolyte membrane and first and second electrodes 
respectively placed on opposite major surfaces of the electrolyte membrane, each electrode comprising a gas 
diffusion layer and a catalyst layer; a (itsl electrically conductive separator plate contacting the first electrode and 
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having a first gas flow channel for supplyi ng and exhausting a fuel gas to and from the first electrode; and a second 
electrically conductive separator plate contacting the second electrode Hnd having a aecand gas flow channel for 
supplying and exhausting an oxidant gas to and from the second electrode; the Inspection method comprising, 
before operation of electric power generation of the polymer electrolyte fuel cell, and before or after formation of 
s the ceil alack, step;* uf. iTuiHHuri.'iy n Hliwi-t.-iitiuil conductivity of hhcIi film:lri)|yl.H tuertitHKiie-eluatrode assembly 

and/or measuring a hydrogen leak current of each unit cell; and inspecting whether the measured short-circuit 
conductivity exceeds a predetermined short-circuit conductivity value, and/orwhetherthe measured hydrogen leak 
current exceeds a |jiaiietei mined hydrogen leek current value. 

«> 18. The Inspection method according to claim 17, wherein the predetermined shott-clrcult conductivity value Is about 
1 .5 mS/cm 2 and Ihe predetermined hydrogen lawk currail value is about 3 mA/crrr 2 . 

19. The inspection method according to claim 1 7, wherein the short-circuit conductivity of each electrolyte mcmbranc- 
Qloclrodo assambly is measured by: applying thereto a constant DC voltage not greater than about O.b V for each 
" electrolyte membrane-electrode assembly to obtain a steady-state current, or applying a constant DC currant not 

greater than about 5 mA/cm 2 of electrode area of each electrolyte mcmbranc-clccttodc assembly to obtain a 
ateady-atate voltage; and convening the steady-state current or the steady state voltage, by calculation, to yield 
the shorl-circuil conductivity. 

20 20. Tlie inspection method according to claim 17, wherein the step of measuring the hydrogen leak current of each 
unit cell is conducted by: supplying an inert gas to ana of the electrodes Hnd a fuel gas to another of the electrodes; 
applying to sash electrolyte membrane-electrode assembly a constant DC voltage to obtain a steady-state current 
or a constant DC currcntto obtain a steady-state voltage, and convening, by calculation, a difference value obtained 
by subtracting a value corresponding to the short-circuit conductivity from a value calculated from the steady-state 

"b current or the steady-state voltage to yield the hydrogen leak current. 
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FIG. 5 
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FIG. 8 
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FIG. 10 
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FIG. 12 
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